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GENERAL 
INFORMATION 


• 
Quick Reference Guide 


• 
Introduction 
of Packages 


• 
Reliability 
and Quality Assurance 


• 
Reliability 
Test Data of Microcomputer 


• 
Design Procedure and Support Tools 
for 8-bit Single-(;hip Microcomputer 


Type No. 
HD6801S0 
HD6801V0 
HD6803 


HD6801S5 
HD6801V5 
HD6803·1 


Bus Timing (MHz) 
1.0/1.25 
1.0/1.25 
1.0/1.25 


LSI 
Supply Voltage (VI 
5.0 
5.0 
5.0 
Characteristics 
Operating Temperature' 
(oC) 
0-+70 
o - +70 
0-+70 


Package 
DP·40 
DP·40 
DP·40 


Memory 
ROM (k byte) 
2 
4 
- 


RAM (byte) 
128 
128 
128 


I/O Port 
29 
29 
13 


External 
2 
2 
2 


Interrupt 
Soft 
1 
1 
1 


Timer 
3 
3 
3 


Functions 
Serial 
1 
1 
1 


• 
Fr:ee running 
counter 
16·bit x 1 
Timer 
• 
Output 
compare 
register 
16·bit xl 
• 
Input 
capture 
register 
16·bit x 1 


SCI 
Full double step·stop type 


• Address/data non·multiple 
mode 
• Address/data 


External Memory Expansion 
(256 bytes) 
multiple 
mode 
• Address/data multiple 
mode 
(65k bytes) 
(65k bytes) 


Clock Pulse Generator 
Built·in (External clock useable) 


Built·in 
RAM Holding 
Yes (64 bytes) 


EPROM on the PackageType" 
HD68P01V07 
HD68P01V07 
- 
HD68P01V07·1 
HD68P01V07·1 


Compatibility 
MC6801 
MC6803 
MC6801·1 
- 
MC6803·1 


Reference Page 
43 
77 
111 
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Type No. 
HD6805S1 
HD6805S6 
HD6805U1 


Clock Frequency 
(MHz) 
1.0 
1.0 
1.0 


LSI 
Supply Voltage (V) 
5.25 
5.25 
5.25 


Characteristics 
Operating Temperature"" 
(OC) 
0-+70 
0-+70 
0-+70 


Package 
DP-28 
DP-28 
DP-40 


ROM (k byte) 
1.1 
1.8 
2 


Memory 
RAM (byte) 
64 
64 
96 


I/O Port 
I 
20 
T 
20 
1 
24 


I/O Port 
20 
I 
20 
r 


32 
[ 
Input Port 
- 
- 
8 


Nesting 
6 
6 
6 


Interrupt 
External 
1 
1 
1 


Soft 
1 
1 
1 


Timer 
1 
1 
1 


Functions 
Timer 
• 8·bit timer with 
7-bit prescaler 


• Event counter 


• 
Resistor 


Clock Pulse Generator 
• Crystal 


Low-voltage Automatic 
Reset (LVII 
Yes 
Yes 
Yes 


Self·check Mode 
Available 
Available 
Available 


Other Features 


EPROM on the Package Type 
- 
- 
HD68P05V07 


Compatibility 
MC6805P2 
MC6805P6 
- 
Reference 
Page 
138 
158 
209 


* Preliminary 


"" Wide Temperature 
Range (-40 
- 
+85°CI version is available. 
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HD6805Vl 
HD6805T2' 
HD6805Wl 


1.0 
1.0 
1.0 


5.25 
5.25 
5.25 


0- 
+70 
0-+70 
0-+70 


DP-40 
DP-28 
DP-40 


4 
2.5 
4 


96 
64 
96 


I 
24 
I 
19 
I 
23 
32 
I 


19 
I 
29 
I 
8 
- 
6 


6 
6 
12 


1 
1 
2 


1 
1 
1 


1 
1 
4 


• 8-bit timer 
with 7-bit 
prescaler 
• Event counter 
.8-bit 
comparator 


• Crystal 


Yes 
Yes 
Yes 


Available 
Available 
Available 
PLL logic 
• 8-bit x 


for RF 
4-channel 
internal 
synthesizer 
AI D converter 
.8 
bytes of 
standby RAM 


HD68P05V07 
- 
HD68P05WO 


- 
MC6805T2 
- 


230 
178 
251 
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HD6301Vl 
HD6301XO 
Type 
No. 
HD63A01Vl 
HD63A01XO 
HD63B01Vl 
HD63B01XO 


1.0 (HD6301Vl) 
1.0 (HD6301XO) 


Bus Timing 
(MHz) 
1.5 (HD63A01Vl) 
1.5 (HD63A01XO) 


2.0 (HD63B01V1) 
2.0 (HD63B01XO) 
LSI 
Characteristics 
Supply 
Voltage 
(V) 
5.0 
5.0 


Operating 
Temperature-(oC) 
0- 
+70 
0- 
+70 


Package 
DP-40, 
FP-54, 
CG-40 
DP-64S, 
FP-BO 


Memory 
ROM (k byte) 
4 
4 


RAM (byte) 
12B 
192 


1/0 Port 
29 
24 


1/0 Port 
Input 
Port 
29 
- 
53 
B 


Output 
Port 
- 
21 


External 
2 
3 


Interrupt 
Soft 
2 
2 


Timer 
3 
4 


Functions 
Serial 
1 
1 


16-bit 
xl 
16-bit 
xl 
( Free running 
counter 
Xl) 
( Free running 
counter 
Xl) 


Output 
compare 
register 
x 1 
Output 
compare 
register 
x2 
Timer 
Input 
capture 
register 
xl 
Input 
capture 
register 
xl 


B-bit xl 


( 8-bit 
up cou nter x 1 
) 
Time constant 
register 
x 1 


SCI 
Asynchronous 
Asynch ronouslSynch 
ronous 


External 
Memory 
Expansion 
65k bytes 
65k bytes 


-Error 
detection 
eError 
detection 


Other 
Features 
• Low 
power 
consumption 
-Low power consumption 


modes 
(sleep and standby) 
modes 
(sleep and standby) 


-Slow 
memory 
interface 


-Halt 


HD63P01M1 
HD63PA01Ml' 
HD63701XOt· 


EPROM 
on the Package 
Type 
HD63PB01Ml' 
HD637A01XOt· 
(EPROM 
On-Chip 
Type) 
HD6370lVOt• 
• 
HD637BOI 
XO t· 


HD637AOlVOt' 
• 
HD637BOlVOt• 
• 


Reference 
Page 
279 
319 


• Prelimin.ry 
•• 
Under development 
••• 
Wide Temper.ture 
Range 1-40 - 
+85°CI 
version is available. 
tEPROM 
on-chip typo 
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HD6301YO 
HD6303R 
HD6303X 
HD6303Y 
HD63A01YO 
HD63A03R 
HD63A03X 
HD63A03Y 
HD63B01YO 
HD63B03R 
HD63B03X 
HD63B03Y 


1.0 (HD6301YO) 
1.0 (HD6303R) 
1.0 (HD6303X) 
1.0 (HD6303Y) 


1.5 (HD63A01YO) 
1.5 (HD63A03R) 
1.5 (H D63A03X) 
1.5 (HD63A03Y) 


2.0 (HD63B01YO) 
2.0 (HD63B03R) 
2.0 (HD63B03X) 
2.0 (HD63B03Y) 


5.0 
5.0 
5.0 
5.0 


0- 
+70 
0- 
+70 
0-+70 
0-+70 


DP·64S 
DP-40, FP-54, CG-40 
DP-64S, FP-80 
DP-64S 


16 
- 
- 
- 


256 
12B 
192 
256 


48 
13 
16 
24 


53 
- 
13 
- 
24 
8 
24 
- 


5 
- 
- 
- 


3 
2 
3 
3 


2 
2 
2 
2 


4 
3 
4 
4 


1 
1 
1 
1 


16-bit xl 
16-bit xl 
16-bit xl 
16-bit xl 


(Free 
running 
counter Xl) 
(Free 
running 
counter Xl) 
(Free 
running 
counter 
xl 
) 
(Free 
running 
counter Xl) 


Output 
compare register x 2 
Output 
compare register x 1 
Output 
compare register x 2 
Output 
compare register x 2 
Input 
capture register x 1 
Input capture register x 1 
Input 
capture register x 1 
Input capture 
register x 1 
B-bit xl 
B-bit xl 
8-bit xl 


(B-bit 
up counter Xl) 
( B-bit up counter Xl) 
(B-bit 
up counter 
Xl) 


Time constant 
register x 1 
Time constant 
register xl. 
Time constant 
register x 1 


Asynchronou 
s/Synch ron ou s 
Asynchronous 
Asy nch ronou s/Synch ron ou s 
Asynch ronou s/Sy nch ron ou s 


65k bytes 
65k bytes 
65k bytes 
65k bytes 


eError detection 
-Error 
detection 
-Error 
detection 
-Error 
detection 
-Low 
power consumption 
-Low 
power consumption 
-Low 
power consumption 
-Low 
power consumption 
modes (sleep and standby) 
modes (sleep and standby) 
modes (sleep and standby) 
modes (sleep and standbyl 
-Slow 
memory 
interface 
-Slow memory interface 
-Slow 
memory 
interface 


-Halt 
-Halt 
-Halt 


35B 
406 
440 
477 
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HD6305UO' 
HD6305VO' 
HD6305XO 
Type No. 
HD63A05UO' 
HD63A05VO' 
HD63A05XO 


HD63B05UO' 
HD63B05VO' 
HD63B05XO 


1.0 (HD6305UO) 
1.0 (HD6305VO) 
1.0 (H D6305XO) 


Clock 
Frequency 
(MHz) 
1.5 (HD63A05UO) 
1.5 (H D63A05VO) 
1.5 (HD63A05XO) 


LSI 
2.0 (HD63B05UO) 
2.0 (HD63B05VO) 
2.0 (HD63B05XO) 


Characteristics 
Supply 
Voltage 
(V) 
5.0 
5.0 
5.0 


Operating 
Temperature 
••• 
(oC) 
0- 
+70 
0- 
+70 
0- 
+70 


Package 
DP-40 
DP·40 
DP-64S. FP-64 


Memory 
ROM 
(k byte) 
2 
4 
4 


RAM 
(byte) 
128 
192 
128 


I/O Port 
31 
31 
32 


I/O Port 
Input 
Port 
31 
- 
31 
- 
55 
7 


Output 
Port 
- 
- 
16 


External 
2 
2 
2 


Interrupt 
Soft 
1 
1 
1 


Timer 
2 
2 
2 


Serial 
1 
1 
1 


Functions 
Timer 


SCI 


External 
Memory 
Expansion 
- 
- 
- 


Other Features 


EPROM on the Package Type 
HD63705VOt· 
• 
HD63P05YO 


(EPROM On·Chip Type) 
HD637A05VOt 
•• 
HD63PA05YO 


HD637805VOt 
•• 
HD63P805YO 


Evaluation 
Chip 
- 
- 
- 


Reference Page 
520 
546 
572 
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HD6305Xl 
HD6305X2 
HD6305YO 
HD6305Yl 
HD6305Y2 


HD63A05Xl 
HD63A05X2 
HD63A05YO 
HD63A05Yl 
HD63A05Y2 
HD63L05Fl 
HD63B05Xl 
HD63B05X2 
HD63B05YO 
HD63B05Yl 
HD63B05Y2 


1.0 (HD6305Xlj 
1.0 (HD6305X2) 
1.0 (HD6305YO) 
1.0 (HD6305Yl) 
1.0 (HD6305Y2) 
1.5 (HD63A05Xl) 
1.5 (HD63A05X2) 
1.5 (HD63A05YO) 
1.5 (HD63A05Yl) 
1.5 (HD63A05Y2) 
0.1 
2.0 (HD63B05X1) 
2.0 (HD63B05X2) 
2.0 (HD63B05YO) 
2.0 (HD63B05Yl) 
2.0 (HD63B05Y2) 


5.0 
5.0 
5.0 
5.0 
5.0 
3.0 


0- 
+70 
0-+70 
0-+70 
0- 
+70 
0- 
+70 
-20 - 
+75 


DP-64S. 
FP-64 
DP·64S. FP-64 
DP-64S. FP-64 
DP-64S. FP-64 
DP-64S. FP-64 
DP-64S. FP-80 


4 
- 
8 
8 
- 
4 


128 
128 
256 
256 
256 
96 


24 
24 
32 
24 
24 
20 


31 
7 
31 
7 
55 
7 
31 
7 
31 
7 
20 
- 
- 
- 
16 
- 
- 
(19) 


2 
2 
2 
2 
2 
1 


1 
1 
1 
1 
1 
1 


2 
2 
2 
2 
2 
1 


1 
1 
1 
1 
1 
- 


• 8·bit x 1 (with 
7-bit 
prescaler) 
o 8-bit x 1 (with 
o 15-bit x 1 (combined 
with 
SCI) 
7-bit prescaler) 


Synchronous 
- 


12k bytes 
16k bytes 
- 
I 
8 k bytes 
16k bytes 
- 
• Low power consumption modes 
o 8-bit 
AID converter 


(Wait. stop and standby) 
oLCD 
driver 
(6 x 7 segment) 


o Low power con- 
sumption 
modes 


(Standby 
and halt) 


HD63P05Yl' 
HD63P05YO 
HD63P05Yl' 
HD63PA05Yl' 
- 
HD63PA05YO 
HD63PA05Yl' 
- 
- 
HD63PB05Y" 
HD63PB05YO 
HD63PB05Yl' 
- 
- 
- 
- 
- 
HD63L05EO 


599 
599 
628 
655 
655 
684 
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Type No. 
HD68P01V07 
HD68P01V07·1 
I HD68POIMO 
I HD68P01MO·l 
HD68P05V07 
I 
HD68P05MO 


LSI 
I Supply 
Voltage 
(V) 
5.0 
5.0 


Characteristics 
I Operating 
Temperature 
1°C) 
0-+70 
0- 
+70 


I Package 
DC·40P 
DC·40P 


Equivalent 
Device 
H 06801 SO 
,HD6801S5 
- 
- 
HD6805Ul 
- 
HD6801VO 
HD6801V5 
HD6805V1 


Moun'-ble 
EPROM 
HN482732A·30 
HN482732A-30 
HN482764·3 
HN482764·3 
HN482732A-30 
HN482764·3 


Reference 
Page 
717 
717 
717 
717 
756 
756 


Type No. 
HD63P01Ml 
HD63PA01Ml·IHD63P801Ml· 
HD63P05YO 
IHD63PA05YO 
IHD63P805YO 


LSI 
ISupply 
Voltage 
(V) 
5.0 
5.0 


Characteristics 
IOperating 
Temperature 
(OC) 
0-+70 
0-+70 


IPackage 
DC-40P 
DC-64SP 


Equivalent 
Device 
HD6301Vl 
HD63AOlV1 
HD63BOlVl 
HD6305XO 
HD63A05XO 
HD63B05XO 


HD6305YO 
HD63A05YO 
HD63B05YO 


I-IN482732A·)0 
H"'482732A·30 
HN4821J2A·2!i 
HN4821J2A·]O 
I-IN482132A 
30 
I-IN481132A·25 
Mountable 
EPROM 
HN482764-) 
I-IN482764·3 
I-IN482164 
1-4N0I82764·3 
H"'482164·3 
H"'482164 


HN21C64·)0 
I-IN11C64·)O 
I-IN27C&4·25 
HN27C&4·30 
HN11C64-30 
HN27C64·1S 


Reference 
Page 
807 
807 
807 
847 
847 
847 


Type No. 
HD6370lVO 
•• 
HD63701XO· 
HD63705VO •• 


LSI 
Clock 
Frequency 
(MHz) 
1.0,1.5,2.0 
1.0,1.5,2.0 
1.0,1.5.2.0 


Characteristics 
Supply Voltage (VI 
5.0 
5.0 
5.0 


DC-40 
DC-64S 
DC-40 


Package 
DP-64S 


EPROM (k byte) 
4 
4 
4 


Memory 


RAM (byte) 
192 
192 
192 


1/0 Port 
I 
29 
I 
24 
I 
31 


1/0 Port 
I 
I 
Input 
Port 
29 
I 
- 
53 
8 
31 
- 


Output 
Port 
I 
- 
I 
21 
I 
- 


External 
2 
3 
2 


Soft 
2 
2 
1 
Functions 
Interrupt 


Timer 
3 
4 
2 


Serial 
1 
1 
1 


Timer 
16 bit)( 1 
16 bit)( 1 
8 bit)( 1 
8 bit xl 


Se,iail/O 
UART 
UART 
Synchronous 


synchronous 


External 
Memory 
Possible (65k byte) 
Possible 
(65k 
byte) 
- 
Expansion 


• 
Error 
detection 
• 
Error 
detection 
• 
Low 
power 
consump- 


• 
Low 
power 
consump- 
• 
Low 
power 
consump- 
tion 
modes 


Others 
tion 
modes 
(Sleep 
and 
tion 
modes 
(Sleep 
and 
(Wait, 
Stop 
and 
Stand- 


Standby) 
Standbyl 
by) 


• 
Slow 
memory 
inter- 


face 


27C256, 27256 
2732A 
27C256, 27256 


(Vpp = 12.5VI 
(Vpp = 2lVi 
(Vpp = 12.5VI 


Equivalent 
EPROM 
Type 
High 
Performance 
Pro- 
High 
Performance 
Pro- 


gramming 
algorithm 
gramming 
algorithm 


EPROM 
available 
available 


Programming 
H67PWAOIA 
H35VSAOOA 


Hitachi 
lunder 
development) 
H67PWA018 
H35VSAOOB 
Socket 


Adapter 
HD63701XO 
HD63705V 
Oat. 
1/0 
- 
(for 29A1298) 
(for 29A/298) 


Reference 
Page 
904 
904 
904 
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HD68P05WO 


5.0 


0-+70 


DC·40P 


HD6805W1 


HN482732A-30 
HN482764-3 


778 


HD63P05Yl·· 
HD63PA05Yl' 
HD63P805Y1' 


5.0 


0- 
+70 


DC·64SP 


HD6305X1 
HD63A05Xl 
HD63805Xl 


HD6305Y1 
HD63A05Yl 
HD63805Yl 


HN482732A·30 
HN482732A-30 
HN482732A-25 


HN482764-3 
HN482764-3 
HN482764 


HN27C64·30 
HN27C64·30 
HN27C64-25 


874 
874 
874 
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Hitachi 
microcomputer 
devices are offered in a variety of 


packages, to meet various user requirements. 


1. Package Classification 
When 
selecting 
suitable 
packaging, 
please 
refer 
to the 


Package Classifications 
given in Fig. 1for pin insertion, surface 


mount, and multi-function 
types, in plastic and ceramic. 


DIP; DUAL 
IN 
LINE 
PACKAGE 
S·DIP; SHRINK 
DUAL 
IN 
LINE 
PACKAGE 
PGA: PIN 
GRID 
ARRAY 


FLAT·DIP; 
FLAT 
DUAL 
IN 
LINE 
PACKAGE 
FLAT·QUIP; 
FLAT 
QUAD 
IN 
LINE 
PACKAGE 


CC: CHIP 
CARRIER 


SOP;SMALL 
OUTLINE 
PACKAGE 


FPP; FLAT 
PLASTIC 
PACKAGE 
PLCC; PLASTIC 
LEADED 
CHIP 
CARRIER 


LCC ; LEADLESS 
CHIP 
CARRIER 
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2. Type 
No. and Package 
Code 
Indication 


Type 
No. 
of 
Hitachi 
single-chip 
microcomputer 
device 
is 
followed 
by 
package 
material 
and 
outline 
specifications, 
as 
shown 
below. 
The 
package 
type 
used 
for 
each 
device 
is iden· 


tified 
by code 
as follows, 
illustrated 
in the 
data 
sheet 
of each 


device. 


When 
ordering, 
please 
write 
the package 
code 
beside 
the type 


number. 


I Type 
No. Indication 
I 
HDxxxxP 


(Note) 
The type No. of EPROM on the package type and 
EPROM 
on-chip 
type 
microcomputers 
is described 


as follows. 


Package Classification 


C 
: Ceramic DIP 
P 
; Plastic DIP 
F 
FPP 


CG; 
LCC 


DP-64S 


D; DIP 
C;CC 
F ; FLAT 


P 
; Plastic 


G 
:Glass sealed 
ceramic 
C 
; Ceramic 
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3. Pacbge 
Dimensional 
Outline 


Hitachi 
single-chip 
microcomputer 
device 
employs 
the 
pack· 


Mounting 
method 
Package 
classification 
Package 
material 
Package 
code 


Plastic 
DP-28 


Standard 
outline 
(DIP) 
DP-40 


Pin insertion 
type 
Ceramic 
DC-40 


Plastic 
DP-64S 


Shrink 
outl ine (S-DI P) 
Ceramic 
DC-64S 


FP-54 


Flat package 
(FPP) 
Plastic 
FP-64 


Surface 
mounting 
type 
FP-80 
FP-l00 


Chip carrier 
(LCC) 
Glass sealed 
ceramic 
CG-40 


Multi-function 
type 
EPROM 
on the package 
type 
Ceramic 
DC-40P 
DC-64SP 


o 51 ••••••-~ 
h1 ,,_.~ 
o·-U".t----\.o 
20-0 31 
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Ho.,._o" 
LF 


I 
; I 


I 
~ 


I 
- , 


1 


I 


I 
II_+~ 


~~i 
~I 
~~ 
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I Shrink 
Type Ceramic DIP 


0.15 
:l 
i 
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Leadlen 
Chip Carrier I 


12.111 


-c 
~! 


~IIIIn nnn n nn n n niITlq 


1.01 :U,. 
i't'O.al 


I EPROM 
on the Package Type I 
•'" 
~'" 
.... 
'-..z:.." 
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a 
a 
a 
a 
505 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
aa 


,,-'II 


4. 
Mounting Method 
Package lead pins are surface treated with solder coating or 


plating to facilitate PCB mounting. The lead pins are connected 
to the package by eutectic solder. Common connecting method 
of leads and precautions 
are explained 
as follows: 


4.1 
Mounting Methods of Pin Insertion Type Package 


Insert lead pins into the PCB through-holes 
(usually about 


c/>0.8mm). Soak leads in a wave solder tub. 
Lead pins held by the through-holes 
enable handling of the 


package through the sQldering process, and facilitate automated 
soldering. 
When soldering leads in the wave solder tub, do not 


get solder on the package. 


4.2 
Mounting Method of Surface Mount Type Package 


Apply the specified quantity of solder paste to the pattern on 


any printed board by the screen printing method, to temporarily 
fix the package to the board. The solder paste melts when heated 
in a reflowing furnace, and package leads and the pattern of the 
printed 
board 
are fixed by the surface tension 
of the melted 


solder and self alignment. 


The size of the pattern where leads are attached should be 1.1 


to 1.3 times the leads' width, depending 
on paste material 
or 


furnace adjustment. 


The temperature 
of the reflowing furnace 
is dependent 
on 


packaging 
material and type. Fig. 2 lists the adjustment 
of the 


reflowing furnace for FPP. Pre-heat the furnace to 150°C. Sur- 
face temperature 
of the resin should be kept at 235° C maximum 


for 10 minutes or less. 


(1) The 
temperature 
of the leads should be kept at 260°C 


for 10 minutes or less. 
(2) The 
temperature 
of the resin should 
be kept at 235°C 


for 10 minutes or less. 
(3) Below is shown the temperature 
profile when soldering a 


package by the reflowing method. 


Fig.2 
Reflowing Furnace Adjustment 
for FPP 


Employ adequate 
heating or temperature 
control equipment 


to prevent damage to the plastic package epoxy-resin 
material. 


When using an infrared heater, avoid long exposure at tempera- 
tures higher than the glass transition 
point of epoxy-resin (about 


1500C), which may cause package damage and loss of reliability 
characteristics. 
Equalize the temperature 
inside and outside of 


packages 
by reducing 
the heat of the upper 
surface 
of the 


packages. 


FPP leads may easily bend in shipment or during handling, 


and impact soldering onto the printed board. Heat the bent leads 
again with a soldering iron to reshape them. 


Use a rosin flux when soldering. 
Do not use chloric flux 


because the chlorine in the flux has a tendency to remain on the 
leads and reduce reliability. Use alcohol, chlorothene 
or freon to 


wash away rosin flux from packages. These solvents should not 
remain on the packages for an excessive length of time, because 
the package markings may disappear. 
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5. 
Package Marking 


The Hitachi trademark 
and product type No. are printed on 


packages, 
as shown 
in the 
following 
examples. 
Customer 


marking can be added to single-chip devices upon request. 
'.~~~ 


(C)B DB8DrnSDB 


(d) ~DD 
(e)O~B~rsJ 


Meaning of each mark 


(a) 
Hitachi Trademark 


(b) 
Lot Code 


(e) 
TYpe No. 


(d) 
.ROM Code 


(e) 
Japan Mark 
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Basic 
views 
on quality 
at Hitachi 
are to meet 
the 


individual 
uers' required 
quality 
level and maintain 
a 


general 
quality 
level 
equal 
to or above 
that 
of the 


general 
market. The quality 
required 
by the user may 


be specified 
by contract, 
or may be indefinite. 
In either 


case, efforts 
are made to assure reliable 
performance 


in 
actual 
operating 
circumstances. 
Quality 
control 


during the manufacturing 
process, and quality 
aware- 


ness from design 
through 
production 
lead to product 


quality 
and customer 
satisfaction. 
Our quality 
assur- 


ance 
technique 
consists 
basically 
of the 
following 


steps: 


(1) 
Build 
in 
reliability 
at the 
design 
stage 
of new 


product 
development. 


(2) 
Build 
in quality 
at all steps in the manufacturing 


process. 


(3) 
Execute 
stringent 
inspection 
and reliability 
con- 


firmation 
of final 
products. 


(4) 
Enhance 
quality 
levels 
through 
field 
data 
feed 


back. 


(5) 
Cooperate 
with 
research 
laboratories 
for higher 


quality 
and reliability. 


With 
the 
views 
and 
methods 
mentioned 
above, 


utmost 
efforts 
are made to meet users' requirements. 


2. RELIABILITY 
DESIGN 
OF 


SEMICONDUCTOR 
DEVICES 


2,1 
Reliability 
Targets 


The reliability 
target 
is an important 
factor 
in sales, 


manufacturing, 
performance, 
and price. It is not ade- 


quate to set a reliability 
target based on a single set of 


common 
test conditions. 
The reliability 
target 
is set 


based on ma ny factors: 


(1) End use of semiconductor 
device. 


(2) End use of equipment 
in which 
device is used. 


(3) Device manufacturing 
process. 


(4) 
End user manufacturing 
techniques. 


(5) Quality 
control 
and screening 
test methods. 


(6) Reliability 
target 
of system. 


2.2 
Reliability 
Design 


The following 
steps are taken 
to meet the reliability 


targets: 


(1) 
Design 
Standardization 


As for 
design 
rules, 
critical 
items 
pertaining 
to 


quality 
and reliability 
are always 
studied 
at circuit 


design, 
device 
design, 
layout 
design, 
etc. There- 


fore, 
as 
long 
as 
standardized 
processing 
and 


materials 
are used the reliability 
risk is extremely 


small 
even 
in 
the 
case 
of 
new 
development 


devices, 
with 
the 
exception 
of special 
require- 


ments 
imposed 
by functional 
needs. 


(2) 
Device Design 


It is important 
for the device 
design 
to consider 


total 
balance 
of process, 
structure, 
circuit, 
and 


layout 
design, 
especially 
in the case where 
new 


processes 
and/or 
new 
materials 
are employed. 


Rigorous 
technical 
studies 
are conducted 
prior to 


device development. 


(3) 
Reliability 
Evaluation 
by Functional 
Test 


Functional 
Testing 
is a useful 
method 
for design 


and process 
reliability 
evaluation 
of IC's and LSI 


devices 
which 
have complicated 
functions. 


The objectives 
of Functional 
Test are: 


• 
Determining 
the fundamental 
failure 
mode. 


• 
Analysis 
of relation 
between 
failure 
mode and 


manufacturing 
process. 


• 
Analysis 
of failure 
mechanism. 


• 
Establishment 
of QC points 
in manufacturing 


process. 


2.3' 
Design 
Review 


Design Review is an organized 
method to confirm 
that 


a design 
satisfies 
the 
performance 
required 
and 


meets design specifications. 
In addition, 
design review 


helps to insure 
quality 
and reliability 
of the finished 


products. 
At Hitachi, 
design review 
is performed 
from 


the planning 
stage 
to production 
for 
new 
products, 


and 
also 
for 
design 
changes 
on existing 
products. 


Items discussed 
and considered 
at design review 
are: 


(1) 
Description 
of 
the 
products 
based 
on 
design 


documents. 


(2) 
From the standpoint 
of each 
participant. 
design 


documents 
are 
studied, 
and for 
points 
needing 


clarificatior'!, 
further 
investigation 
will 
be carried 


out. 


(3) Specify quaiity 
control 
and test methods 
based on 


design documents 
and drawings. 


(4) Check process and ability of manufacturing 
line to 


achieve 
design goal. 


(5) Preparation 
for production. 


(6) Planning 
and 
execution 
of 
sub-programs 
for 


design changes 
proposed by individual 
specialists, 
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for test, experiments. 
and calculations 
to confirm 


the design changes. 


(7) Analysis 
of past failures 
with similar 
devices. dis- 


cussion 
of methods 
to prevent them, and planning 


and execution 
of test programs to confirm 
success. 


3.1 
Activity 
of Quality 
Assurance 


General 
views 
of overall quality 
assurance 
in Hitachi 


are as follows: 


(1) 
Problems 
in each 
individual 
process 
should 
be 


solved 
in the process. 
Therefore, 
at the finished 


product 
stage 
the 
potential 
failure 
factors 
have 


been removed. 


(2) 
Feedback of information 
is used to insure a satis- 


factory 
level of ability 
process. 


3.2 
Quality 
Approval 


To insure 
quality 
and 
reliability. 
quality 
approval 
is 


carried 
out 
at 
the 
preproduction 
stage 
of 
device 


design. as described 
in section 2. Our views on quality 


approval 
are: 


(1) A third 
party executes 
approval 
objectively 
from 


the standpoint 
of the customer. 


(2) Full 
consideration 
is given 
to past failures 
and 


information 
from the field. 


(3) 
No design change 
or process change 
without 
QA 


approval. 


(4) Parts, 
materials, 
and 
processes 
are 
closely 


monitored. 


(5) Control points are established 
in mass production 


after studying 
the process abilities 
and variables. 


3.3 
Quality 
and 
Reliability 
Control 
at 
Mass 


Production 


Quality 
control 
is accomplished 
through 
division 
of 


functions 
jn manufacturing. 
quality 
assurance, 
and 


other 
related departments. 
The total function 
flow 
is 


shown 
in Fig. 2. The main points are described 
below. 


Confirmation of 


Characteristics 
and 


Reliability of Materials 
and Parts 


Characteristics of Material and 
Parts 
Appearance 
Dimension 
Heat Resistance 
Mechanical 
Electrical 
Others 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Electrical 
Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 


Appe~rance.Dimension 


Confirmation of Quality 
and Reliability in Design 


Reliability Test 
Life Test 
Thermal Stress 
Moisture 
Resistance 
Mechanical Stress 
Others 


Confirmation of Quality 
and Reliability in Mass 
Production 


Reliability Test 
ProcessCheck sameas 
Quality Approval (1) 
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I 
I 
I 
I 
I 
I~---- 


I nspecticn 
on Material 
and 
Parts for Semiconductor 
Devices 


Manufacturing Equipment, 
Environment, 
Sub-material, 
Worker Control 


100% Inspection on 
Appearance and Electrical 


Characteristics 


Sampling Inspection on 
Appearance and Electrical 
Characteristics 


r- ---------------, 
: 
Quality Information 
I 
I 
Claim 
: 
I 
Field Experience 
: 
General Quality 
Information 
I 
L 
oJ 


Lot Sampling, 
Confirmation of 
Quality Level 


Confirmation of 
Quality Level 


Lot Sampling, 
Confirmation of 
Quality Level 


Confirmation of 
Quality Level, Lot 
Sampling 
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3.3.1 
Quality 
Control 
of Parts and Materials 


As semiconductor 
devices 
tend towards 
higher 
per- 


formance 
and 
higher 
reliability, 
the 
importance 
of 


quality 
control 
of parts and materials 
becomes 
para- 


mount. 
Items such as crystals, 
lead frames, 
fine wire 


for wire 
bonding, 
packages, and materials 
needed in 


manufacturing 
processes 
such as masks and chemi- 


cals, are all subject to rigorous 
inspection 
and control. 


Incoming 
inspection 
is performed 
based on the pur- 


chase specification 
and drawing. 
The sampling 
is exe- 


cuted 
based mainly 
on MIL-STD-105D. 


The 
other 
activities 
of 
quality 
assurance 
are 
as 


follows: 


(1) Outside 
vendor 
technical 
information 
meeting. 


(2) Approval 
and guidance 
of outside 
vendors. 


(3) Chemical 
analysis 
and test. 


The typical 
check 
points 
of parts 
and materials 
are 


shown 
in Table 1. 


Material, 
Important 
Point 
for 
Check 
Parts 
Control 
Items 


Appearance 
Damage 
and Contamina- 


tion on Surface 


Wafer 
Dimension 
Flatness 
Sheet 
Resistance 
Resistance 
Defect Densitv 
Defect Numbers 
Crystal Axis 


Appearance 
Defect 
Numbers, 
Scratch 


Mask 
Dimension 
Dimension 
Level 
Resistoration 
Gradation 
Uniformity 
of Gradation 


Fine 
Appearance 
Contamination, 
Scratch, 


Wire 
for 
Bend. Twist 


Wire 
Dimension 


Bonding 
Purity 
Purity 
Level 


Elongation 
Ratio 
Mechanical 
Strength 


Appearance 
Contamination, 
Scratch 


Dimension 
Dimension 
Level 


Processing 


Frame 
Accuracy 


Plating 
Bondability. 
Solderability 
Mounting 
Heat 
Resistance 
Characteristics 


Appearance 
Contamination, 
Scratch 
Dimension 
Dimension 
Level 
Leak 
Resistance 
Airtightness 


Plating 
Bondability, 
Solderability 


Ceramic 
MountiAg 
Heat 
Resistance 
Package 
Characteristics 


Electrical 


Characteristics 


Mechanical 
Mechanical 
Strength 
Strength 


Composition 
Characteristics 
of 
Plastic 
Material 
Electrical 


Characteristics 


Plastic 
Thermal 
Characteristics 
Molding 
Molding 
Performance 


Performance 
Mounting 
Mounting 
Characteristics 
Characteristics 


3.3.2 
Inner 
Process 
Quality 
Control 


Inner Process Quality Control performs 
very important 


functions 
in 
quality 
assurance 
of 
semiconductor 


devices. 
The 
manufacturing 
Inner 
Process 
Quality 


Control 
is shown 
in Fig. 3. 


(1) Quality 
Control 
of Semi-final 
Products 
and Final 


Products 


Potential 
failure 
factors 
of semiconductor 
devices 


are 
removed 
in the 
manufacturing 
process. 
To 


achieve 
this, check points are set-up 
in each pro- 


cess and 
products 
which 
have potential 
failure 


factors 
are not moved 
to the 
next process 
step. 


Manufacturing 
lines are rigidly selected and tight 


inner process quality controls 
are executed-rigid 


checks in each process and each lot, 100% inspec- 


tion to remove failure 
factors caused by manufac- 


turing 
variables 
and high temperature 
aging and 


temperature 
cycling. 
Elements 
of inner 
process 


quality 
control 
are as follows: 


• 
Condition 
control 
of equipment 
and workers 


environment 
and 
random 
sampling 
of semi- 


final 
products. 


• 
Suggestion 
system for improvement 
of work. 


• 
Education 
of workers. 


• 
Maintenance 
and improvement 
of yield. 


• 
Determining 
quality problems, 
and implement· 


ing countermeasures. 


• 
Transfer 
of quality 
information. 


(2) Quality 
Control 
of Manufacturing 
Facilities 
and 


Measuring 
Equipment 


Manufacturing 
equipment 
is improving 
as higher 


performance 
devices 
are needed. At Hitachi, 
the 


automation 
of manufacturing 
equipment 
is en- 


couraged. 
Maintenance 
Systems 
maintain 
opera- 


tion 
of high 
performance 
equipment. 
There 
are 


daily 
inspections 
which 
are performed 
based on 


related specifications. 
Inspection 
points are listed 


in the specification 
and are checked one by one to 


prevent 
any 
omission. 
As 
for 
adjustment 
and 


maintenance 
of measuring 
equipment. 
specifica- 


tions 
are checked 
one by one to maintain 
and 


improve 
quality. 


(3) Quality 
Control 
of Manufacturing 
Circumstances 


and Sub-Materials 


The quality and reliability 
of semiconductor 
devices 


are highly affected 
by the manufacturing 
process. 


Therefore, 
controls 
of 
manufacturing 
circum- 
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stances such as temperature, humidity and dust, 
and the control of submaterials, like gas,and pure 
water used in a manufacturing process,are inten- 
sively executed. 


Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing 
sites is accomplished through 


Process 


Purchaseof Material 


wafer~ 


. Surface Oxidation 


Inspection on Surface 
Oxidation 
Photo Resist 


Inspection on Photo Resist 


<> PQC Level Check 


Diffusion 


Inspection 
on Evaporation 


<> PQC Level Check 


Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 


<> PQC Lot Judgement 


Inspection after 
Assembling 


<> PQC Lot Judgement 


<> PQC Level Check 


Final 
Electrical 
Inspection 


<> Failure Analysis 


Appearance 
Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment. and periodic inspection of floating dust 
concentration. 


3.3.3 
Final Product Inspection and Reliability 
Assurance 
(1) Final Product Inspection 
Lot inspection is done by the quality assurance 


Diffusion Depth, Sheet 
Resistance 
. 


Gate Width 
Characteristics of Oxide Film 
Break<:own Voltage 


Thickness of Vapor Film, 
Scratch, 
Contamination 


Thickness, VTH Characteris- 
tics 


Electrical 
Characteristics 


Appearance after Chip 
Bonding 
Appearance 
after 
Wire 
Bonding 
Pull Strength, Compression 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, 
Dimension 
Marking Strength 


Scratch, Removal of Crystal 
Defect Wafer 


Assurance 
of 
Resistance 


Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(VTH, etc.) Cleannessof surface, 
Prior Check of V IH 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Quality Check of Chip 
Bonding 
Quality Check of Wire 
Bonding 
Prevention 
of Open 
and 


Short 
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department 
for products 
which 
were judged 
good 


in 100% 
test 
... 
the final 
process 
in manufac- 


turing. 
Though 
100% yield is expected, 
sampling 


inspection 
is executed 
to prevent 
mixture 
of bad 


product 
by mistake. The inspection 
is executed 
not 


only 
to confirm 
that 
the 
products 
have 
met the 


users' requirements 
but also to consider 
potential 


quality 
factors. 
Lot inspection 
is executed 
based 


on MIL-STD-105D. 


(2) 
Reliability 
Assurance 
Tests 


To assure the reliability 
of semiconductor 
devices, 


reliability 
tests and tests on individual 
manufac- 


turing 
lots that are required 
by the user, are peri- 


odically 
performed. 


Claim 
(Failures, 
Information) 


Sales Dept. 
Sales Engineering 
Dept. 


r------------ 
I 
I 
I 
I 
I 


- - - - - - - -- --- - ---- 
- - --1 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Follow-up 
and Confirmation 
I 


of Countermeasure 
Execution 
I 


I 


Report 
I 


--------------------~ 


Countermeasure 
Execution 
of 


Countermeasure 


Figure 
4 
Process Flow 
Chart 
of Field 
Failure 
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,. 
INTRODUCTION 
Microcomputers 
provide high reliability and quality to meet 


the demands 
of increased 
functions, 
enlarging 
scale, and wid- 


ening application. 
Hitachi 
has improved 
the quality 
level of 


microcomputer 
products 
by evaluating 
reliability, 
building 


quality into the manufacturing 
process, strengthening 
inspection 


techniques, 
and analyzing field data. 
The following 
reliability 
and 
quality 
assurance 
data 
for 


Hitachi 8-bit single-chip microcomputers 
indicates results from 


test and failure analysis. 


2. 
PACKAGE AND CHIP STRUCTURE 
2.' 
Packaging 
Production 
output and application 
of plastic packaging con- 


tinues to increase, expanding 
to automobile 
measuring and con- 


trol systems, and computer terminal equipment 
operating under 


severe conditions. To meet this demand, Hitachi has significantly 
improved 
moisture 
resistance 
and operational 
stability 
in the 


plastic manufacturing 
process. 


Plastic and side-brazed ceramic package structures are shown 


in Figure I and Table I. 


Item 
Plastic DIP 
Plastic Flat Package 


Package 
Epoxy 
Epoxy 


Lead 
Solder dipping 
Alloy 
420r 
Cu 
Solder plating 
Alloy 
42 


Die bond 
Au-S; or Ag paste 
Au-Si or Ag paste 


Wire bond 
Thermo 
compression 
Thermo 
compression 


Wire 
Au 
Au 
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2.2 
Chip Structure 


The HMCS6800 
family is produced 
in NMOS 
E/D 
tech- 


nology or low power CMOS technology. Si-gate process is used 
in both types to achieve high reliability and density. Chip struc- 
ture and basic circuitry are shown in Figure 2. 


3. 
QUALITY QUALIFICATION AND EVALUATION 


3.1 
Reliability Test Methods 


Reliability test methods shown in Table 2 are used to qualify and evaluate new products 
and processes. 


Test Items 
Test Condition 
MIL·STD-883B Method No. 


Operating Life Test 
125°C,1000hr 
1005,2 


High Temp, Storage 
Tstg max, 1000hr 
1008,1 
Low Temp, Storage 
Tstg min, 1000hr 


Steady State Humidity 
65°C 95%RH, 1000hr 


Steady State Humidity Biased 
85°C 85%RH, 1000hr 


Temperature 
Cycling 
_55° C - 150° C, 10 cycles 
1010,4 
Temperature 
Cycling 
_20° C - 
125°C: 200 cycles 


Thermal Shock 
O°C - 
100°C, 100 cycles 
1011,3 
Soldering Heat 
260° C, 10 sec 


Meehan ical Shock 
1500G 0.5 msec, 3 timeslX, Y, Z 
2002,2 
Vibration Fatigue 
60Hz 20G, 32hrs/X, 
Y, Z 
2005,1 
Variable Frequency 
2D-2000Hz 
20G, 4 minIX, 
Y, Z 
2007,1 


Constant Acceleration 
20000G,1 
minIX, 
Y, Z 
2001,2 
Lead Integrity 
225gr, 90° 3 times 
2004,3 
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3.2 
Reliebility Test Results 
Reliability Test Results of 8-bit single-chip 
microcomputer 


devices are shown in Table 3 to Table 7. 


Device Type 
Sample Size 
Component 
Hours 
Failures 


HD6801P 
191 pes. 
191000 
0 
HD6805P 
114 
114000 
0 
----------- 
--------------------- 
------------------ 
------------ 
HD6301P 
182 
182000 
0 
HD6305P 
77 
77000 
0 
HD63L05P 
40 
40000 
0 


HD68PO'- 
- -- 
--------n---------- 
- - - - 
- 
- - - 22000- 
- 
- 
- - - - 
- - - 
- - -0- - - - -- 
- 


HD63POl 
32 
32000 
0 
HD68P05 
22 
22000 
0 


Estimated 
Field Failure 
Rate 


m 0.016%/1000 
hrs at Ta = 7SoC for NMOS (H06801P. 
H0680SP) 


= 0.037%/1000 
hr. at Ta m 7SoC for CMOS (H06301P. 
H063L05P) 


(Activation 
Energv 0.7eV. 
Confidence 
Level 60%) 


Device Type 
V cc Bias 
168 hrs 
500 hrs 
1000 hrs 


HD6801P 
5.5V 
0/22 
0/22 
0/22 
HD6805P 
5.5V 
0/22 
0/22 
0/22 
HD6301P 
5.5V 
0/176 
0/131 
0/131 
HD6305P 
5.5V 
0/22 
0/22 
0/22 


Device Type 
Condition 
168 hrs 
500 hrs 
1000 hrs 


HD6801P 
65°C 95%RH 
0/45 
0/45 
0/45 


HD6805P 
65°C 95%RH 
0/45 
0/45 
0/45 
HD6301P 
65°C 95%RH 
0/603 
0/603 
0/603 
HD6301P 
85°C 95%RH 
0/234 
1'/234 
0/233 
HD6305P 
65°C 95%RH 
0/112 
0/112 
0/112 
HD63L05P 
65°C 95%RH 
0/160 
0/160 
0/160 
HD63L05P 
85°C 95%RH 
0/160 
1'/160 
0/159 


(3) Pressure Cooker Test 
(Condition: 
2 atm 121°C) 


Device Type 
40 hrs 
60 hrs 
100 hrs 
200 hrs 


HD6801P 
0/45 
0/45 
0/45 
0/45 


HD6805P 
0/44 
0/44 
0/44 
0/44 
HD6301P 
0/135 
0/135 
0/135 
0/135 
HD6305P 
0/32 
0/32 
0/32 
0/32 
HD63L05P 
0/80 
0/80 
1'/80 
2"/79 
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I 


(4) MIL·STD·8838 Moisture Resistance Test 


(Condition; 65·C- 
-10·C. over 90%RH) 


Device Type 
10 cycles 
20 cycles 
40 cycles 


HD6801P 
0/50 
0/50 
0/50 


HD6805P 
0/32 
0/32 
0/32 
HD6301P 
0/75 
0/75 
0/75 
HD63L05P 
0/22 
0/22 
0/22 


Device Type 
10 cycles 
100 cycles 
200 cycles 


HD6B01P 
0/102 
0/102 
0/102 
HD6805P 
0/442 
0/45 
0/45 


HD6301P 
0/258 
0/258 
0/258 


HD6305P 
0/45 
0/45 
0/45 
----------------- 
------- 
-------- 
-------------- 
---- - -- ---- ---- 


HD6BPOl 
0/44 
0/44 
0/44 
HD63POl 
0/45 
0/45 
0/45 
HD6BP05 
0/68 
0/19 
0/19 


Device Type 
Ta 
168 hrs 
500 hrs 
1000 hrs 


150·C 
0/22 
0/22 
0/22 
HD6B01P 
-55·C 
0/22 
0/22 
0/22 
------------- 
----------- 
------------ 
------------ 
1------------- 


150°C 
0/44 
0/44 
0/44 
HD6805P 
-55°C 
0/22 
0/22 
0/22 
------------ 
------------- 
----------- 
----------- 
----- ------- 
150°C 
0/22 
0/22 
0/22 
HD6BOJP 
_55°C 
0/22 
0/22 
0/22 
---------- 
-- ------------ 
----------- 
---------- 
----------- 


150°C 
0/45 
0/45 
0/45 
HD6301P 
-55°C 
0/22 
0/22 
0/22 
----------- 
------ 
-- - - ----------- 
- - ------- 
- 
---------- 
150°C 
0/22 
0/22 
0/22 
HD6305P 
_55°C 
0/22 
0/22 
0/22 
------ 
- - - - -- - - - 150·C- 
-- 
- 
- - - 
- - - 
- - - - - - - - 
-- - - - -- -- - 
0/22 
0/22 
0/22 
HD63L05P 
_55°C 
0/22 
0/22 
0/22 
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Test 
Item 
Condition 
Plastic 
DIP 
Flat 
Plastic 
Package 


Sample 
Size 
Failure 
Sample 
Size 
Failure 


Thermal 
Shock 
O°C - 
100°C 
110 
0 
100 
0 
10 cycles 


Soldering 
Heat 
260°C, 
10 sec. 
164 
0 
22 
0 


Salt Water 
Spray 
35°C, 
NaCI 5% 
110 
0 
22 
0 
24 hrs 


Solderabil 
ity 
230°C, 
5 sec. 
159 
0 
34 
0 
Rosin flux 


Drop 
Test 
75cm, 
maple 
board 
110 
0 
22 
0 
3 times 


Mechanical 
Shock 
1500G,0.5ms 
110 
0 
22 
0 
3 times/X, 
Y, Z 


Vibration 
Fatigue 
60 Hz, 20G 
110 
0 
22 
0 
32hrs/X, 
Y, Z 


Vibration 
Variable 
Freq. 
100 - 
2000Hz 
110 
0 
22 
0 
20G, 
4 times/X, 
Y, Z 


Lead 
Integr ity 
225g, 
90° 
110 
0 
22 
0 
Bonding 
3 times 


4.1 Storage 


To prevent 
deterioration 
of electrical 
characteristics, 
solder- 


ability, 
appearance 
or structure, 
Hitachi 
recommends 
semicon- 


ductor 
devices 
be stored 
as follows: 
(I) 
Store 
in ambient 
temperatures 
of 5 to 30° C, with 
a relative 


humidity 
of 40 to 60%. 


(2) 
Store 
in a clean, 
dust- 
and 
active 
gas-free 
environment. 


(3) 
Store 
in conductive 
containers 
to prevent 
static 
electricity. 


(4) 
Store 
without 
any 
physical 
load. 
(5) 
When 
storing 
devices 
for 
an extended 
period, 
store 
in an 


unfabricated 
form, 
to 
minimize 
corrosion 
of 
pre-formed 


lead 
wires. 
(6) 
Unsealed 
chips 
should 
be stored 
in a cool, 
dry, 
dark 
and 


dust-free 
environment. 
Assembly 
should 
be 
performed 


within 
5 days 
of unpacking. 
Devices 
can be stored 
for up to 


20 days 
in dry nitrogen 
gas with a dew point 
at -30° C or less. 


(7) 
Prevent 
condensation 
during 
storage 
due to rapid 
tempera- 


ture 
changes. 


4.2 Transportation 


General 
precautions 
for 
electronic 
components 
are 
appli- 


cable 
in transporting 
semiconductors, 
units 
incorporating 
semi- 


conductors, 
and 
other 
similar 
systems. 
In 
addition, 
Hitachi 


recommends 
the 
following: 
(I) 
When 
transporting 
semiconductor 
devices 
or printed 
circuit 


boards, 
minimize 
mechanical 
vibration 
and shock. 
Use con- 


tainers 
or jigs 
which 
will 
not 
induce 
static 
electricity 
as a 


result 
of vibration. 
Use of an electrically 
conductive 
con- 


tainer 
or aluminum 
foil 
is recommended. 


(2) 
To prevent 
device 
deterioration 
from 
clothing-induced 
static 


electricity, 
workers 
should 
be properly 
grounded 
while hand- 
ling 
devices. 
Use of a I M ohm 
resistor 
is recommended 
to 


prevent 
electric 
shock. 


(3) 
When 
transporting 
printed 
curcuit 
boards 
containing 
semi- 
conductor 
devices, 
suitable 
preventive 
measures 
against 


static 
electricity 
must 
be taken. 
Voltage 
build-up 
can 
be 


avoided 
by shorting 
the card-edge 
terminals. 
When 
a belt 


conveyor 
is used, 
apply 
some 
surface 
treatment 
to prevent 


build-up 
of electrical 
charge. 
(4) 
Minimize 
mechanical 
vibration 
and 
shock 
when 
trans- 
porting 
semiconductor 
devices 
or printed 
circuit 
boards. 


4.3 Handling for Measurement 


Avoid 
static 
electricity, 
noise 
and 
voltage 
surge 
when 
meas- 
uring 
or mounting 
devices. 
Precaution 
should 
be taken 
against 
current 
leakage 
through 
terminals 
and housings 
of curve 
tracers, 


synchroscopes, 
pulse 
generators, 
and 
DC 
power 
sources. 


When 
testing 
devices, 
prevent 
voltage 
surges 
from 
the tester, 


attached 
clamping 
circuit, 
and 
any 
excessive 
voltage 
possible 


through 
accidental 
contact. 


In inspecting 
a printed 
circuit 
board, 
power 
should 
not 
be 


applied 
if any 
solder 
bridges 
or foreign 
matter 
is present. 
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4.4 Soldering 


Semiconductor 
devices 
should 
not 
be exposed 
to high 


temperatures 
for excessive periods. Soldering must be performed 


consistent with temperature 
conditions 
of 2600 C for 10 seconds, 


3500 C for 3 seconds, and at a distance of I to 1.5mm from the end 
of the device package. 
A soldering iron with secondary voltage supplied through a 


grounded 
transformer 
is recommended 
to 
protect 
against 


leakage current. Use of alkali or acid flux, which may corrode the 
leads, is not recommended. 


4.5 Removing Residual Flux 


Detergent or ultrasonic removal of residual flux from circuit 


boards 
is necessary 
to ensure system reliability. 
Selection 
of 


detergent 
type and cleaning conditions 
are important 
factors. 


When chloric detergent is used for plastic packaged devices, 


care 
must 
be 
taken 
against 
package 
corrosion. 
Extended 
cleaning periods and excessive temperature 
conditions can cause 


the chip coating 
to swell due to solvent 
permeation. 
Hitachi 


recommends 
use of Lotus and Dyfron solvents. Trichloroeth- 


ylene solvent is not suitable. 
The 
following 
conditions 
are 
advisable 
for 
ultrasonic 


cleaning: 
• 
Frequency: 
28 to 29 k Hz (to avoid device resonation) 


• 
Ultrasonic 
output: 
l5W/f 


• 
Keep 
devices 
from 
making 
direct 
contact 
with 
power 
generator 
• 
Cleaning time: Less than 30 seconds. 
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DESIGN PROCEDURE AND SUPPORT TOOLS FOR 
a-BIT SINGLE-CHIP MICROCOMPUTERS 


The cross assmebler 
and hardware 
simulator 
using various 
types of computers 
are prepared 
by Hitachi as supporting 
sys- 


tems to develop user's programs. 


User's programs 
are mask programmed 
into the ROM and 


delivered as the LSI by the company. 
Fig. I shows the typical program design procedure and Table 


I shows the system development 
support 
tools for the 8-bit 


single-chip microcomputer 
family used in these processes. 


Text Editor I CBT Ed,tor 
Evaluation 
Kit 


H68S05A 
Intel MDS 
POP·11 
VAX·11 
IBM370 


Cross Assembler 
Evaluation Kit 
H68S05A 
Intel MOS 
POP·11 
VAX·11 
IBM370 


Evaluation 
Kit 


Evaluation 
Board 


H68S05A 
EPROM 
on the Package 
Type 


Microcomputer 


[ 


H 068POl V07 
H068P05V07 
H068P05WO 
H063P01Ml 
H063P05YO 
H063P05Y1 
EPROM on-ehip Type 
Microcomputer 


[ 


H06370lVO 
H063701XO 
H063705VO 
I Explanation} 
CD When 
the 
user programs 
the 
system. 
the 
predetermined 
functions 
are 
assigned 
to 
the 1/0 pin 
and 
the 
RAM 
before 
the 
programmmg 


@ A flow 
chart 
IS designed 
to achieve 
the 
predetermined 
functions 
and 
the 
flow 
chart 
IS coded by usmg the prenumCriC code. 


@ The 
coded 
flow 
chart 
IS punched 
Into 
the 
card 
or the 
paper 
tape 
or written 
mto 


the 
floppy 
disk, 
to generate 
a source 
program 


@ The source program 
IS assembled 
by the r~tdent 
system 
(evaluatIon 
kitl or the 


cross system, 
to generate 
the object 
program. 
In thIS case, errors 
durmg 
the assembling 
are also detected. 
® Hardware 
SimulatIon 
ISperformed 
to confIrm 
the program. 
.. 


The company 
provides 
four 
kinds of hardware, 
the H68S0SA, 
the evaluation 
kit. 


the evaluation 
board 
and the EPROM on the package 
type 
microcomputer. 
The 
consumers 
are able to choose 
the best suitable 
tool. 


® The completed 
program 
ISsent to the company 
In the form of EPROM or the 
object 
tape. 


(tlOptlOnS 
such as ROM ISmasked 
by the company. 
LSI IStestatlvely 
produced 


and the sample 
IS handed 
In to the user. After the user has evaluated 
the 


sample and confirmed 
that 
the program 
IScorrect. 
mass production 
IS 


started. 


Figure 
1 Program 
Desiqn Pror" •..• 
·lfe 
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DESIGN 
PROCEDURE 
AND 
SUPPORT 
TOOLS 
---------------------FOR 
8-BIT 
SINGLE-CHIP 
MICROCOMPUTER 


Resident System 
Cross System 
Type No. 
Evaluation 
EPROM on 
H68SD5A+Emulator 
Set 
Intel 
PDP-111 
Evaluation 
Kit 
Board 
the Package 
(Hardware 
+ Software) 
IBM370 
MDS220/230 
VAX-11 


H61 EVT2 
(Hardware) 
S31MDS1-F 
HD6801S0 
+ 
- 
HD68P01V07 
H68SD5A 
+ H61 MIX 1 
S31XSY1·T 
(lSIS·II) 
0 


HD6801VO 
S61MIX2·R 
(Software) 
S31MDS2·F 


(CP/MI 


HD6805S1 
H65EVT2 
(Hardware) 
- 
- 
- 
- 
HD6805S6 
+ 
H68SD5A 
+ H65MIX1 


S35MDS1·F 
- 


HD6805Ul 
HD6805V1 
S65MIX1·R 
(Software) 
- 
HD68P05V07 
- 
(ISIS·III 
- 


S35MDS2·F 
- 
H65EVT3 
(Hardware) 
(CP/M) 


HD6805W1 
+ 
- 
HD68P05WO 
H6BSD5A 
+ H65MIX2 
- 
- 


S65MIX1·R 
(Software) 


H31EVT1 
(Hardware) 
HD63P01M1 


HD6301V1 
+ 
- 
HD63701VOt** 
H68SD5A+H31MIXl 
0 


S31 M IX l·R 
(Software) 
S31MDS1·F 
S31XSY1-T 
(ISIS-II) 
- 
- 
t* 
HD6301XO 
- 
HD63701 XO 
H68SD5A 
+ H31MIX2 
S31MDS2·F 
~ 


HD6301YO 
- 
** 
- 
H68SD5A 
+ H31 MIX3 
(CP/M) 
0 


HD6305UO* 
HD63705VOt** 
H68SD5A+H35MIX3** 
HD6305VO' 
- 
H D6370SV"()Tn 
- 
- 
- 
HD6305XO 
- 
HD63P05YO 


HD6305X 
1 
H35EVT1 
HD63P05Y1* 
- 
S35MDS1·F 
- 


HD6305YO 
(Hardware 
+ Software) 
HD63P05YO 
H68SD5A 
+ H35MIX1 
(lSIS·II) 
- 


HD6305Y1 
- 
HD63P05Y1' 
- 
S35MDS2·F 
- 


(CP/M) 


H3L5EVTl 
(Hardware) 


HD63L05Fl 
+ 
H3L5EVOO 
- 
H68SD5A 
+ H3L5MIXl 
- 
- 


S3L5MIX1·R 
(Software 
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DESIGN 
PROCEDURE 
AND 
SUPPORT 
TOOLS 


FOR 8-BIT 
SINGLE-CHIP 
MICROCOMPUTER 
--------------------- 


• 
SINGLE-CHIP 
MICROCOMPUTER 
DEVELOPMENT 


SYSTEM 
H68SD5A 
is a completely 
integrated 
hardware 
and 
software 


development 
system 
for 
Hitachi's 
4-Bit 
and 
8-Bit 
single-chip 


microcomputers. 
It offers 
high-level 
functions 
such as operation 


by CRT display, 
assembler 
(based 
on floppy 
disk), 
easy 
debug- 


ging (in-circuit 
emulator) 
and simulation_ 


FEATURES 
• 
Upward 
version 
of the H6SSD5 


• 
CRT 
Display, 
keyboard 
and two floppy 
disk drives 
• 
Easy 
to 
debug 
user's 
prototype 
system 
by in-circuit 
emula- 
tors suited 
for each 
kind of MCU. 


• 
The 
H6SSD5A 
can 
perform 
system 
development 
by CRT 


editor, 
assembler, 
linkage 
editor, 
emulator 
and simulator. 


• 
Parallel 
and/or 
serial 
interface 
ports 
are 
available 
for 
easy 
printer 
interface. 


• 
EPROM 
programmer 
interface 
software 
is provided. 
DATA 


I/O's 
EPROM 
programmers 
(29A, 
22A and 22S) 
are applica- 


ble. 
• 
User's 
program 
developped 
by 
using 
the 
H6SSD5 
is usable. 
• 
Emulators 
for the 
H6SSD5 
are usable. 


I 


S-bit single-chip 
miCrO-} 
computer 
family 


HMCS40 
series 


H MCS400 
series 
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DATA SHEETS 


Preliminary data sheetsherein contain information on new products. Speci- 
fications and information are subject to changewithout notice. 


Advance Information 
data sheets herein contain information on a product 


under development. Hitachi reservesthe right to changeor discontinue these 
products without notice. 


HD6801S0,HD6801S5 
MCU (Microcomputer Unit) 


The 
HD6801S 
MCV is an 8-bit 
microcomputer 
unit 
which 
is 
compatible 
with 
the 
HMCS6800 
family 
of parts. 
The HD680 
IS 


MCV 
is object 
code 
compatible 
with 
the 
HD6800 
with 
im- 
proved 
execution 
times 
of key 
instructions 
plus several 
new 
16- 
bit 
and 
8-bit 
instructions 
including 
an 
8x8 
unsigned 
multiply 
with 
16-bit 
result. 
The 
HD6801S 
MCV can 
operate 
as a single 


- 
chip 
microcomputer 
or 
be 
expanded 
to 
65k 
bytes. 
The 


HD6801S 
MCV is TTL 
compatible 
and 
requires 
one 
+5.0 
volt 


power 
supply. 
The 
HD680lS 
MCV has 
2k bytes 
of ROM 
and 


128 
bytes 
of 
RAM 
on 
chip. 
Serial 
Communication 
interface 


(S.C.I.), 
and parallel 
I/O as well as a three 
function 
16-bit 
timer. 


Features 
and Block 
diagram 
of the HD6801S 
include 
the follow- 
ing: 


• 
FEATURES 
• 
Expanded 
HMCS6800 
Instruction 
Set 


• 
8 x 8 Multiply 


• 
On-Chip 
Serial 
Communication 
Interface 
(S.C.!.) 


• 
Object 
Code 
Compatible 
With The 
HD6800 
MPU 


• 
16-Bit 
Timer 


• 
Single 
Chip Or Expandable 
To 65k 
Bytes 


• 
2k Bytes 
Of ROM 


• 
128 
Bytes 
Of 
RAM 
(64 
Bytes 
Retainable 
On 
Power 


Down) 


• 
29 Parallel 
I/O Lines And 2 Handshake 
Control 
Lines 


• 
Internal 
Clock/Divided-By-Four 
Circuitry 


• 
TTL Compatible 
Inputs 
And Outputs 


• 
Interrupt 
Capability 


• 
Compatible 
with 
MC6801 
and MC6801-1 


Vss 
1 0 


XTAL 
2 
set 


EXTAL 
3 
sc, 


NMI 
•• 
p. 


IAO, 
S 
"I 


RES 
6 
Pu 


Vcc 
7 
Pn 


'20 
8 
'34 


P21 
9 
'31 


'22 
1 
HD6801S 
P,. 


Pn 11 
'37 


"4 1 
'.-0 


"01 
'41 


p 11 
•• 
'.2 


P U 15 
'.3 


PI) 
16 
p •.• 


'14 
17 
' •• 


PII18 
P•• 


PIt 
1 
'., 


p " 
-, 
...r- Vcc Stendby 


MCU 


HD6801SO 


HD6801S5 


Bus Timing 


1 MHz 


1.25 
MHz 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc . 
-0.3 - 
+7.0 
V 


Input 
Voltage 
Vin . 
-0.3- 
+7.0 
V 


Operating 
Temperature 
Topr 
0 
-+70 
°c 


Storage Temperature 
TIlll 
- 55 -+150 
°c 


• 
Wilh respecllo vss ISYSTEM GNDI 


[NOTE) 
Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliabilitY of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC s5.0V±5%. 
Vss = OV, Ta = 0 - 
+70oC. 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
V 
Input 
"High" 
Voltage 
V'H 
Other 
Inputs' 
2.0 
- 
Vcc 


Input 
"Low" 
Voltage 
All Inputs' 
VIL 
-0.3 
- 
0.8 
V 


P"" - p.7 
- 
- 
0.5 


Input 
Load Current 
SC1 
II;nl 
V;n = 0- 
2.4V 


0.8 
- 
- 
mA 
EXTAL 
V;n = 0- 
Vcc 
- 
- 
0.8 


Input 
Leakage Current 
NMI, 
IRQ" 
RES 
II;nl 
V;n = 0 - 
5.25V 
- 
- 
2.5 
/lA 


Three State (Offset) 
PIO - 
P17, 
PJO- 
P37 
- 
- 
10 


Leakage Current 
p,. - p,. 
IITS'/ 
V;n = 0.5 - 
2.4V 
- 
- 
100 
/lA 


PJO- 
P37 
I LnAO = -205/lA 
2.4 
- 
- 


Output 
"High" 
Voltage 
P"" - p.7, 
E, SC1, SC, 
VOH 
ILOAo=-145/lA 
2.4 
- 
- 
V 


Other Outputs 
ILOAO =-100/lA 
2.4 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
ILoAo 
= 1.6 mA 
- 
- 
0.5 
V 


Darlington 
Drive Current 
PIO - 
P17 
-IOH 
Vou.=1.5V 
1.0 
- 
10.0 
mA 


Power Dissipation 
Po 
- 
- 
1200 
mW 


Input 
Capacitance 
PJO- 
P37• P"" - p.7, 
SC1 
Gin 
V;n = OV, Ta = 25°C. 
- 
- 
12.5 


Other 
Inputs 
f= 
1.0MHz 
10.0 
pF 
- 
- 


Vcc 
Standby 


Powerdown 
VS88 
4.0 
- 
5.25 


Operating 
V 


VS8 
4.75 
- 
5.25 


Standby 
Current 
Powerdown 
IS88 
VS88 = 4.0V 
- 
- 
8.0 
mA 
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• 
AC CHARACTERISTICS 


BUS 
TIMING 
(Vee 
= 5.0V±5%, 
Vss = OV, Ta = a - +70°C, 
unless 
otherwise 
noted.) 


Item 
Symbol 
Test Condition 
HD6801S0 
HD6801S5 
Unit 
min 
tvp 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 
- 
10 
0.8 
- 
10 
/J.s 


Address 
Strobe 
Pulse Width "High'" 
PWASH 
200 
- 
- 
150 
- 
- 
ns 


Address 
Strobe 
Rise Time 
tAsr 
5 
- 
50 
5 
- 
50 
ns 


Address 
Strobe 
Fall Time 
tASf 
5 
- 
50 
5 
- 
50 
ns 


Address 
Strobe 
Delay Time' 
tAse 
60 
- 
- 
30 
- 
- 
ns 


Enable 
Rise Time 
tE, 
5 
- 
50 
5 
- 
50 
ns 


Enable 
Fall Time 
tEt 
5 
- 
50 
5 
- 
50 
ns 


Enable 
Pulse Width "High" 
Time' 
PWEH 
450 
- 
- 
340 
- 
- 
ns 


Enable 
Pulse Width" 
Low" Ti me • 
PWEL 
450 
- 
- 
350 
- 
- 
ns 


Address 
Strobe 
to Enable.Delay 
Time , 


tASED 
60 
- 
- 
30 
- 
- 
ns 


Address 
Delay Time 
tAP 
Fig. 1 
- 
- 
260 
- 
- 
260 
ns 


Address 
Delay Time for Latch 
(f = 1.0MHz)' 
tADL 
Fig. 2 
- 
- 
270 
- 
- 
260 
ns 


Data Set-up Write Time 
tosw 
225 
- 
- 
115 
- 
- 
ns 


Data liet-up 
Read Time 
tOSR 
80 
- 
- 
70 
- 
- 
ns 


Data Hold Time 
: 


Read 
tHA 
10 
- 
- 
10 
- 
- 
ns 


Write 
tHw 
20 
- 
- 
20 
- 
- 


Address 
Set-up 
Time for Latch' 
tASL 
60 
- 
- 
50 
- 
- 
ns 


Address 
Hold Time for Latch 
tAHL 
20 
- 
- 
20 
- 
- 
ns 


Address 
Hold Time 
tAH 
20 
- 
- 
20 
- 
- 
ns 


Peripheral 
Read 
I 
Non-Multiplexed 
Bus' 
(IACCN) 
- 
- 
(610) 
- 
- 
(420) 
ns 
Access Time 
I 
Multiplexed 
Bus' 
(tACCM) 
- 
- 
(600) 
- 
- 
(420) 


Oscillator 
stabilization 
Time 
tAC 
Fig. 10 
100 
- 
- 
100 
- 
- 
ms 


Processor 
Control 
Set-up Time 
tpcs 
Fig. 11 
200 
- 
- 
200 
- 
- 
ns 


Item 
Symbol 
Test Condition 
min 
lYP 
max 
Unit 


Peripheral 
Data 
Setup 
Time 
Port 
1, 2, 3, 4 
tpDSU 
Fig.3 
200 
- 
- 
ns 


Peripheral 
Data 
Hold Time 
Port 
1, 2,3,4 
tpDH 
Fig.3 
200 
- 
- 
ns 


Delay 
Time, 
Enable 
Positive 
Transition 
tOSDt 
Fig. 5 
- 
- 
350 
ns 
to 0S3 
Negative 
Transition 


Delay 
Time, 
Enable 
Positive 
Transition 
tOSD2 
Fig. 5 
- 
- 
350 
ns 
to 0S3 
Positive 
Transition 


Delay 
Time, 
Enable 
Negative 


Transition 
to Peri pheral 
Data 
Port 
1, 2',3,4 
tpwD 
Fig.4 
- 
- 
400 
ns 
Valid 


Delay 
Time, 
Enable 
Negative 
, 


Transition 
to Peripheral 
Port 
2··, 
4 
tCMOS 
Fig.4 
- 
- 
2.0 
IJ.S 


CMOS 
Data 
Valid 


Input 
Strobe 
Pulse Width 
tpwlS 
Fig.6 
200 
- 
- 
ns 


Input 
Data 
Hold Time 
I port 
3 
tlH 
Fig. 6 
50 
- 
- 
ns 


Input 
Data Set-up 
Time 
Port 3 
tiS 
Fig. 6 
20 
- 
- 
ns 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Timer 
Input 
Pulse Width 
tpWT 
2tcyc+200 
- 
- 
ns 


Delay 
Time, 
Enable 
Positive 
Transition 
to 
tTOD 
Fig. 7 
- 
- 
600 
ns 
Timer 
Out 


SCI Input 
Clock 
Cycle 
tScvc 
1 
- 
- 
toYc 


SCI Input 
Clock 
Pulse Width 
tpwsCK 
0.4 
- 
0.6 
tScyc 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Mode Programming 
Input 
"Low" 
Voltage 
VMPL 
- 
- 
1.7 
V 


Mode Programming 
Input 
"High" 
Voltage 
VMPH 
4.0 
- 
- 
V 


RES "Low" 
Pulse Width 
PWRSTL 
Fig. 8 
3.0 
- 
- 
tcyc 


Mode Programming 
Set-up 
Time 
tMPS 
2.0 
- 
- 
tcyc 


Mode Programming 
I IfES Rise Time 
~ II's 
0 
- 
- 


tMPH 
ns 
Hold Time 
I IfES Rise Time < II's 
100 
- 
- 


MCU Write 
Do-O"Ao-A, 
(Port 
31 


2.2V 
Address 
V~hd 
0.6V 


MCU Read 
0.-0,. 
A.-A, 


(Port 
31 


22V 
Address 
V.lld 
0.6V 
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~A~Port4) 
RlN 
ISC') 


1m: 
(SCd 


MCU Write 
0.-0, 
(Port3) 


MCU Read 
0.-0, 
(Port3) 


r MCUWrite 


"0 -'.., 
',. 
- 
PH 
p•• - 
'., 
Input' 


PM - 
Pn 
Inputs- 
(NOTE) 


1. 
10 kn 
Pull up resistor required for Port 2 to reach 0.7 VCC 


~:~~r~ 
'T~l~:~e 
~o~Ued 
above 
V cc 


Figure 3 
Data Set-up and Hold Times 
-(MCU Read) 
Figure 4 
Port Data Delay Timing 
(MCU Write) 


,rtoso, 
.~ 
O_6V~ 
.f1 
<.<v 


Figure 5 
Port 3 Output Strobe Timing 
(Single Chip Mode) 
Figure 6 
Port 3 Latch Timing 
(Single Chip Mode) 
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Test Point 0.-----1 


JOpFr 


Vcc 
m 


RL.2.2kn 


Test 
POint 
15207. ® 
0' Equl\/. 


C 
A 


I •• 
I 


NMi 
0' 
IRO~ 
-----, 
-IJ-'l'CS 


Dilll. Bus..J\_-J\.-~"Oo=C::_~'='O"'."'c_=":::",,:;:O::-'_':::C{' 
':'C8=-;;"""'''~''''O_-:':-:'~X''.:::_'X''''''-,':;C'''C,...J\-.:-:C:;:C:-.J\."'C"'C'SR.J>~",:::"::,~::,::".J\.V~K=.:::~:J''';:V:::,,:;:.~;::J~F:::,,.::-.7:,"~ 
••~.•:r-- 


0.1. 
MSB 
LSB 
'"le""," 
ROUllM 


Inlfin.IR~ 
*IA02 
....Internal 
InterruPt\~-------------_----~1 


E ~~\%\\\\\\\M\\\\\\\\\\\\\\\ 
Lfl..J4 n...n.n.n..n..n ~ 


-s."V 
II 
I~ 
1.-1 


Vce /f._'_7S_V 
.AC--------,--LJ;-.ocs 
71.l::-ocs 


An 
11----------------.· r-J 
,,------- 


'"'''".'' \\\\\\\\\\\\\\\\\\\\\1 ':sS\\§\\\s\\SS\\\\\\\S\\\~~ 
~ 
A.ddfeilul 
,~ 
~~ 
FFFEFFFE 


'"'''"'' 
Rlii \\\\\\\\\\\\\\\\\~ 
~sS\\S\\\\\\\\\s\\\\\\S\\\\Y 
'{:=x=:r- 


~;,':';;:~\\\,\\\\\\\\\\\\\\\\{,\%\\\\\\\\\\\\s\\S\\\\\SS\sSX::; ~ 
~ 
PCB-PCtS 
peQ-PC1 
FoUl 
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• 
VCC and VSS 
These two pins are used to supply power and ground to the 


chip. The voltage supplied will be +5 volts ±5%. 
• 
XTAL 
and EXTAL 


These connections 
are for a parallel resonant fundamental 


crystal, 
AT cut. 
Divide-byA 
circuitry 
is included 
with 
the 


internal 
clock, so a 4 MHz crystal may be used to run the 


system at I MHz. The divide-by-4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non·time critical 
applications. 
Two 22pF 
capacitors 
are needed 
from the two 


crystal pins to ground to insure reliable operation. An example 
of the crystal interface is shown in Fig. 12. EXTAL may be 
driven by an external clock source at a 4 MHz rate to run at 
I MHz with 45% to 55% duty cycle. It is not restricted to 4 
MHz, as it will divide by 4 any frequency less than or equal to 5 
MHz. XTAL must be grounded 
if an external clock is used. 


7 pF max. 
son max. 


4.7 pF max. 


3Ontvp. 


(Note 
J These 
are representative 
AT cut parallel resonance 
crystal 
parameters. 
t 


L21- 


CL1 


Figure 12 Crystal Interface 


• 
VCC Standby 
This pin will supply +5 volts ±5% to the standby RAM on the 


chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current 
max. The circuit of figure 13 


can be utilized to assure that Vcc Standby does not go below 
VSBB during power down. 
To retain information 
in the RAM dUring power down the 


following procedure is necessary: 
I) Write "0" into the RAM enable bit, RAME. RAME is bit 


6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc 
Standby greater than VSBB. 


iPowerLine 


Jr 


• 
Reset (RES) 
This input is used to reset and start the MCU from a power 


down condition, 
resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
"Low" 
for at least 100 ms. When reset during operation, 
RES 
must be held "Low" at least 3 clock cycles. 


When a "High" level is detected, the MCU does the follow- 


ing: 


I) All the higher order address lines will be forced "High". 
2) I/O Port 2 bits 2, I, and 0 are latched into programmed 


control bits Pe2, Pe I and PeO. 


3) The last two ($FFFE, 
$FFFF) 
locations in memory will 
be used to load the program addressed by the program 
counter. 


4) The interrupt 
mask bit is set. Clear before the CPU can 
recognize maskable interrupts. 


• 
Enable (E) 
This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TIL 
compatible 
clock, 
and will be the divide-byA 
result of the 
crystal oscillator 
frequency. 
It will drive one TTL load and 
90 pF capacitance. 
• 
Non-Maskable Interrupt (NMI) 
A low-going edge on this input requests that a non-maskable- 


interrupt 
sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the current 
instruction 
that is being executed before it recognizes the NMI 
signal. The interrupt 
mask bit in the Condition Code Register 
has no effect on NMI. 


In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16·bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD_ An address loaded at these loca. 
tions causes the 
CPU to branch to a non-maskable 
intenupt 
service routine in memory. 


A 3.3 
kl1 external 
resistor 
to Vcc 
should 
be used for 
wire-OR and optimum control of interrupts. 


Inputs IRQ, 
and NMI are hardware interrupt 
lines that are 
sampled during E and will start the interrupt 
routine on the 
Efollowing the completion of an instruction. 


• 
Intarrupt Request (IRa,) 
This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the current instruction 
before it recognizes the request. At that 
time, if the interrupt mask bit in the Condition Code Register is 
not set, the machine will begin an interrupt sequence. The Index 
Register, Program Counter, Accumulators, 
and Condition Code 
Register are stored on the stack. Next the CPU will respond to 
the interrupt 
request by setting the interrupt 
mask bit "High" 


so that no further maskable interrupts may occur. At the end of 
the cycle, a 16-bit address will be loaded that points to a vector- 
ing address which is located in memory locations 
$FFF8 and 


$FFF9. 
An address loaded at these locations causes the CPU 


to branch to an interrupt routine in memory. 


The IRQ, 
requires a 3.3 kl1 external resistor to VCC which 
should be used for wire-OR and optimum control of inte~ts. 
Internal 
Interrupts 
will use an internal interrupt 
line (IRQ,). 


This interrupt 
will operate the same as IRQ, except that it will 
use .the vector address of $FFFO through $FFF7. 
fR(), 
will 
have priority 
over IRQ, 
if both occur at the same time. The 
Interrupt 
Mask Bit in the condition 
code register masks both 
intenupts 
(See Table I). 
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• 
I/O Port 2 
This port has five lines that may be defined as inputs or 


outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
state when used as an input. In order to be read properly, the 
voltage on the input 
lines must be greater than 2.0 V for a 


logic "I" 
and less than 0.8 V for a logic "0". As outputs, 
this 


port has no internal pullup resistors but will drive TfL 
inputs 


directly. For driving CMOS inputs, external pullup resistors are 
required. 
After Reset, the I/O lines are configured as inputs. 


Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB's (bits 7, 6, 
and 5) of Port 2 which are read-only. This is explained in the 
Mode Selection Section. 


In all three modes, Port 2 can be configured 
as I/O and 


provides access to the Serial Communications 
Interface and the 


Timer. Bit I is the only pin restricted to data input or Timer 
output. 


• 
I/O Port 3 
This is an 8-bit port that can be configured as I/O, a data bus, 


or an address bus multiplexed with the data bus - depending on 
the mode of operation 
hardware programmed 
by the user at 


reset. As a data bus, Port 3 is bi-directional. 
As an input for 
peripherals, 
it must 
be supplied 
regular TfL 
levels, that 
is, 


greater than 2.0 V for a logic "I" and less than 0.8 V for a logic 
"0" 
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Vector 
Interrupt 


MSB 
LSB 


FFFE 
FFFF 
RES 


FFFC 
FFFO 
NMI 


FFFA 
FFFB 
Software Interrupt 
(SWI) 


FFF8 
FFF9 
IRQ, (or IS3) 


FFF6 
FFF7 
ICF 
(Input 
Capture) 


FFF4 
FFF5 
OCF (Output Compare) 


FFF2 
FFF3 
TOF (Timer Overflow) 


FFFO 
FFFl 
SC, IRORF+ ORFE + TOREI 


The following pins are available in the Single Chip Mode, and 


are associated with Port 3 only. 


• 
Input Strobe 
(IS3) (SC1) 


This sets an interrupt 
for the processor when the IS3 Enable 


bit is set. As shown in Figure 6 Input Strobe Timing, IS3 will 
fall tIS minimum after data is valid on Port 3. If IS3 Enable is 
set in the I/O Port 3 Control/Status 
Register, an interrupt 
will 


occur. If the latch enable bit in the I/O Port 3 Control/Status 
Register is set, this strobe will latch the input data from another 
device when that device has indicated that it has valid data. 


• 
Output 
Strobe 
(OS3) (SC,) 
This signal is used by the processor to strobe an external 


device, indicating valid data is on the I/O pins. The timing for 
the Output 
Strobe is shown in Figure 5. 
I/O Port 3 Control/ 


Status Register is discussed in the following section. 


• 
ReadlWrite 
(R!W) (SC,) 
This TfL 
compatible 
output 
signals the 
peripherals 
and 


memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") 
state. The normal standby state of this signal is 
Read ("High"). 
This output 
can drive one TTL load and 90 pF 


capacitance. 


• 
I/O Strobe 
(IDS) (SC1) 
In the expanded 
non-multiplexed 
mode of operation, 
10S 


internally 
decodes A9 through A" 
as "O"s and A. asa 
"I". 
This allows external access of the 256 locations from $0100 to 
SOIFF. The timing diagrams are shown as figure 2. 


• 
Address Strobe 
(AS) (SCd 
In the expanded 
multiplexed 
mode of operation. 
address 
strobe is outpul 
on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed 
with data on Port 3. 
An 8-bit lalch is utilized in conjunction with Address Strobe. as 
shown in figure 19. So I/O Port 3 can become data bus during 
the E pulse. The timing for this signal is shown in Figure I of 
Bus Timing. This signal is also used to disable the address from 
the mulliplexed 
bus allowing a deselect time. tASO before the 
data is enabled to the bus. 


• 
PORTS 
There are four I/O ports on the HD680lS 
MCU; three 8-bit 


ports and one 5-bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
progranuned 
to act as an input or an output*. 
A "I" 
in the 
corresponding 
Data Direction Register bit will cause that I/O 


line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port I, Port 2, Port 3, and Port 4. Their addresses 
and the addresses of their Data Direction registers are given in 
Table 2. 


Data Direction 
Register 
Address 


$0000 


$0001 


$0004 


$0005 


I/O Port 1 
I/O Port 2 
I/OPort 3 


110 Port 
4 


$0002 


$0003 


$0006 


$0007 


• 
I/O Port 1 
This is an 8-bit port whose individual bits may be defined as 


inputs or outputs by the corresponding 
bit in its data direction 


register. 
The 
8 output 
buffers 
have 
three-state 
capability, 


allowing 
them 
to 
enter 
a high impedance 
state 
when 
the 


peripheral 
data lines are used as inputs. 
In order to be read 


properly, the voltage on the input lines must be greater than 2.0 
V for a logic "I" 
and less than 0.8 V for a logic "0". As out- 


puts, these lines are TTL compatible 
and may also be used as 


a source of up to I mA at 1.5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port I is always parallel I/O. 


Its TTL compatible 
three-state output buffers can drive one 
TTL load and 90 pF capacitance. In the Expanded Modes, after 
reset, the data direction register is inhibited and data flow~- 
pends on the state of~ 
R/W line. The input strobe (IS3) 
and the output strobe (OS3) used for handshaking are explained 
later. 


In the three modes, Port 3 assumes the following charac- 


teristics: 


Single Chip Mode: Parallel Inputs/Outputs 
as programmed by 
its associated 
Data Direction Register. There are two control 


lines associated with this port in this mode, an input strobe and 
an output 
strobe, that can be used for handshaking. They are 


controlled by the I/O Port 3 Control/Status 
Register explained 


at the end of this section. Three options of Port 3 operations 
are sumarized as follows: (I) Port 3 input data can be latched 
using IS3 (SC,) 
as a control signal, (2) OS3 can be generated by 
either an CPU read or write to Port 3's Data Register, and (3) 
and rRQI interrupt can be enabled by an IS3 negative edge. 
Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. 


Expanded 
Non-Multiplexed 
Mode: 
In this mode, 
Port 
3 
becomes the data bus (Do-07), 


Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (Do-07) 
and lower bits of the address bus 


(Ao-A7). 
An address strobe output is true when the address is 


on the port. 


fS3 
X 
ass 
LATCH 
X 
X 
X 


153 
1l'm\ 


FLAG 
ENABLE 
ENABLE 


Bit 0; 
Not used. 
Bit I; 
Not used. 
Bit 2; 
Not used. 


Bit 3; 
LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set "High" the input data will be 
latched with the falling edge of the Input Strobe, IS3. 
This bit is cleared by reset, and the latch is "re-opened" 
with CPU read Port 3. 


Bit 4; 
OSS. (Output 
Strobe Select) This bit will select if the 


Output 
Strobe should be generated at 0S3 (SC2) 
by a 


write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write to Port 3. 
Bit 5; 
Not used. 


Bit 6; 
IS3 IRQ, ENABLE. When set, interrupt will be enabled 
whenever 
IS3 FLAG 
is set; when 
clear, interrupt 
is 
inhibited. This bit is cleared by reset. 


Bit 7; 
IS3 FLAG. This is a read-only status bit that is set by 
the falling edge of the input strobe, 
IS3 (SC,). 
It is 


cleared by a read of the Control/Status 
Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 


• 
1/0 Port 4 
This is an 8-bit port 
that can be configured as I/O or as 


address output 
lines depending on the mode of operation. 
In 


order to be read properly, the voltage on the input lines must be 
greater than 2.0 V for a logic "I" and less than 0.8 V for a logic 
"0" 


As outputs, each line is TTL compatible and can drive I TTL 


load and 90 pF capacitance. After reset, the lines are configured 
as inputs. To use the pins as addresses, therefore, 
they should 
be programmed as outputs. In the three modes, Port 4 assumes 
the following characteristics: 


Single Chip Mode: Parallel Inputs/Outputs 
as programmed by 


its associated Data Direction Register. 


Expanded Non-Multiplexed Mode: Port 4 is configured as the 
lower order address lines (Ao-A7) 
by writing "I"s 
to the data 


direction register. When all eight address lines are not needed, 
the remaining lines, starting with the most significant bit, may 
be used as I/O (inputs only). 


Expanded 
Multiplexed 
Mode: Port 4 is configured 
as the 


higher order address lines (As-A,,) 
by writing "I "s to the data 


direction register. When all eight address lines are not needed, 
the remaining lines, starting with the most significant bit, may 
be used as I/O (Inputs only). 


• 
OPERATION 
MODES 
The 
operation 
modes 
that 
HD6801S 
will operate 
after 


reset is determined by hardware that the user must wire on pins 
10, 9, and '8 of the chip. These pins are the three LSB's (I/O 2, 
I/O I, and I/O 0 respectively) of Port 2. They are latched into 
programmed control 
bits PC2, PCI, and PeO when reset goes 


high. I/O Port 2 Register is shown below. 


An example of external 
hardware 
that could be used for 


Mode Selection is shown in Fig. 14. The HDI4053B 
provides 


the isolation between 
the peripheral 
device and MCU dUring 


reset, which is necessary if data conflict 
can occur between 
peripheral device and Mode generation circuit. 


As bits 5,6 
and 7 of Port 2 are read-only, the mode cannot 


be changed through software. The mode selections are shown in 
Table 3. 


The HD6801S can operate in three basic modes; 


(I) Single Chip Mode, (2) Expanded 
Multiplexed Mode (com- 


patible with HMCS6800 peripheral family) (3) Expanded Non- 
Multiplexed Mode. 


• 
Single Chip Mode 
In the Single Chip Mode the Ports are configured as I/O. 
This is shown in Figure 
16 the single Chip Mode. In this 


mode, Port 3 will have two associated control lines, an input 
strobe and an output strobe for handshaking data. 


• 
Expanded 
Non-Multiplexed 
Mode 


In this mode the HD6801S will directly address HMCS6800 


peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the Ao-A7 
address bus or partial 
address and I/O (inputs only). Port 2 can be parallel I/O, serial 
I/O, Timer, or any combination 
of them. Port I is parallel I/O 
only. In this mode the HD6801S is expandable to 256 locations . 
The 
eight 
address 
lines 
associated 
with 
Port 
4 
may 
be 
substituted 
for I/O (inputs only) if a fewer number of address 


lines will satisfy the application (See Figure 17). 
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A 


R1 
AI 
A, 
6 
RES 
T T T 
A 
B 
l' 
HD6801S 
X. 
8 
Y. 
X 
P" 
(PCOI 
~ 
Y 
9 
Z. 
P" 
(PCll 


X, 
10 
Z 
P" 
(PC2) 


Y, 


Z, 
HD14053B 
Inh 


C 
Mode 
Jr 
??? 
~ntrol 
r 
Switch 


(NOTES) 
11 Mode 7."hown 
2) 
RC:::sReset time 
constant 


3) R, =10kn 


Inh 
A 
B 
C 


Xo 
XI 
X 


Yo 
Y, 
y 


Zo 
Z, 
Z 


Control 
Input 
On Switch 
select 
Inhibit 
C 
B 
A 
HD14053B 


0 
0 
0 
0 
20 
Yo X, 


0 
0 
0 
1 
20 
Yo 
Xl 


0 
0 
1 
0 
20 
Y1 X. 


0 
0 
1 
1 
20 VI XI 


0 
1 
0 
0 
Zl 
Yo X. 


0 
1 
0 
1 
21 
Yo Xl 


0 
I 
1 
0 
Z, 
Y1 
Xo 


0 
1 
1 
1 
Z, 
VI XI 


I 
X 
X 
X 
- 


Port 1 
Port 
3 
Port 
1 
Port 3 
8 I/O Lines 
8 Parallel I/O 
8 Data 
Lines 
8 I/O Lines 


Port 2 
Port 4 
Port 4 
Port 2 
5 Parallel I/O 
To 8 Address 


8 I/O Lines 
5 I/O Lines 
SCI 
Lines or To 


SCI 
Timer 
8 I/O Lines 


VSS 


Timer 
VSS 


(Inputs 
Only) 
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• 
Expanded Multiplexed Mode 
In this mode Port 4 becomes higher order address lines with 


an alternative 
of substituting some of the address lines for I/O 


(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated 
by an output 
called Address 


Strobe. 
Port 2 is 5 lines of Parallel I/O, SCI, Timer, or any 


combination 
of them. Port I is 8 Parallel I/O lines. In this mode 


it is expandable to 65k bytes. (See Figure 18). 


• 
Lower order Address Bus Latches 
Since the 
data 
bus is multiplexed 
with 
the lower order 


address bus in Port 3, latches are required to latch those address 
bits. The 74LS373 Transparent 
octal D-type latch can be used 


with the HD6801S to latch the least significant address byte. 
Figure 
19 shows how to connect the latch to the HD680IS. 
The output 
control 
to the 
74LS373 
may be connected 
to 


ground. 


A/Vi 
Port 3 
8 Lines 
Multiplexed 
Data/Address 


Address 
Strobe 


Port 2 
5 I/O Lines 
SCI 


Timer 


Port 
4 


To 8 Address 
Lines 
or To 


8110 
Lines 
(Inputs Onlvl 


I 
G DC 
0, 
a, 


74LS373 


D. 
a. 


) 
A~"" 
A. -A, 


] 
0". 0.-0, 


Output 
Enable 
Output 


Control 
G 
0 
a 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
a, 


H 
x 
X 
z 


This section gives a description of the MCU signals for the various modes. 
SC, and SC2 are signals which vary with the mode 
that the chip is in. 


MODE 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
SC, 
SC2 
Eight Lines 
Five Lines 
Eight Lines 
Eight Lines 


SINGLE CHIP 
I/O 
I/O 
I/O 
I/O 
IS3 (I) 
OS3 (0) 


ADDRESS BUS 


EXPANDED MUX 
I/O 
I/O 
(Ao-A,) 
ADDRESS BUS' 
AS(O) 
R!W(O) 
DATA BUS 
(A.-A" 
) 
(00-0,) 


EXPANDED NON·MUX 
I/O 
I/O 
DATA BUS 
ADDRESS BUS' 
10S(0) 
R!W(O) 
(00-0, ) 
(Ao-A,) 


-These 
lines can be substituted 
for I/O (Input 
Only) 
starting 
with 
the most 
significant 
address 
line. 


I z Input 
ID..:: Input 
Strobe 
SC = Strobe 
Control 


o :: Output 
oS3 :: Output 
Strobe 
AS :: Address 
Strobe 


AIW: 
AeadlWrite 
IDS = 110 Select 
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Mode 
P" 
P" 
P,. 
ROM 
RAM 
Interrupt 
Bus 
Operating 


(PC2) 
(PC1) 
(PCOI 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUXIS) 
Multiplexed/Partial 
Decod~ 


S 
H 
L 
H 
I 
I 
I 
NMUXIS) 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
1(2) 
1(1) 
I 
1 
Single 
Chip Test 


3 
L 
H 
H 
E 
E 
E 
MUX 
Multiplexed/No 
RAM 
& ROM 


2 
L 
H 
L 
E 
I 
E 
MUX 
Multiplexed/RAM 


1 
L 
L 
H 
I 
I 
E 
MUX 
Multiplexed/RAM 
& ROM 


0 
L 
L 
L 
I 
I 
1(3) 
MUX 
Multiplexed 
Test 


LEGENO: 


I - 
Internal 
E - 
External 
MUX - 
Multiplexed 


NMUX 
- 
Non-Multiplexed 


L - 
Logic "0" 


H - 
Logic "1" 


INOTES] 


1) Internal 
RAM 
is addressed at $XX80 


2) Internal 
ROM 
is disabled 
3) RES vector is external 
for 2 cycles after RES goes "High" 


4) Addresses associated with Ports 3 and 4 3re considered external 
in Modes O. 


1.2. 
and 3 
51 Addresses associated with Port 3 are considered external 
in Modes 5 and 6 


6) Port 4 default 
is user data input; address output 
is optional 
by writing 
1:0 Port 4 


Data Direction 
Register 


• 
MEMORY 
MAPS 
The MCV can provide up to 65k bytes address space depend- 
ing on the operating mode. A memory map for each operating 
mode is shown in Figure 20. The frrst 32 locations of each map 
are reserved for the MCV's internal register area, as shown in 
Table 4. With exceptions as indicated. 


• 
INTERRUPT 
FLOWCHART 


The Interrupt 
flow chart is depicted in Figure 24 and is com- 


mon to every interrupt excluding reset. 


Register 
Address 


Port 1 Data 
Direction 
Register-·· 
00 


Port 2 Data Direction 
Register··· 
01 


Port 1 Data Register 
02 


Port 2 Data Register 
03 


Port 3 Data Direction 
Register··· 
04' 


Port 4 Data Direction 
Register··· 
OS" 


Port 3 Data Aegister 
06' 


Port 4 Data Register 
07" 


Timer Control 
and Status Register 
08 


Counter 
(High Byte) 
09 


Counter (Low Byte) 
OA 


Output 
Compare 
Register (High Byte) 
OB 


Output Compare Register (Low Byte) 
OC 


Input 
Capture 
Register 
(High 
Byte) 
00 


Input 
Capture 
Register 
(Low 
Byte) 
OE 


Port 3 Control 
and Status Register 
OF' 


Rate and Mode Control 
Register 
10 


Transmit/Receive 
Control 
and Status 
Register 
11 


Receive Data Register 
12 


Transmit 
Data 
Register 
13 


RAM Control 
Register 
14 


Reserved 
1S-1F 


• External 
address 
in Mode!..Q, 
1,2,3, 
5,6; 
cannot 
be 
accessed 
in Mode 
5 (No. 
10S) 


•• 
External 
addresses 
in Modes 0,1,2,3 


••• 
1 ::::Output, 
0=1 nput' 
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o 


Multiplexed 
Test mode 


$ססoo(1) 
} 
Internal Registers 
I 


} 


INOTESI 
1) Excludes the following 
addresseswhich may 
be used externally: 
$04. $05. $06. $07 and $OF. 


21 Addresses 
SFFFE 
and 
SFFFF 
are considered 
external 
if accessed 
within 
2 cycles 
alter 
a 
positive edge of RES and internal at all other 
times. 
3) After 2 CPU cycles, there must be no over- 


lapping 
of 
internal 
and 
external 
memory 
spaces to avoid driving the data bus with more 
than one device. 
4) This mode is the only mode which may be used 


to examine 
the 
interrupt 
vectors 
in internal 
ROM 
using 
an external 
Reset 
vector. 


Multiplexed/RAM 
& ROM 


$0000(') 


$F FEF 


$FFFO 


$FFFF 


(NOTES] 
1) Excludes the following 
addresseswhIch may 


be used externally; 
$04, $05. $06, $07 and 


$OF. 


21 Internal 
ROM addresses $FFFO 
to SFFFF are 


not usable. 
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2 
3 


Multiplexed/RAM 


$0000111 


SFFFO 


SFFFF 
SFFFO 


SFFFF 


INOTE) 


1) 
Excludes the following 
addresses which may 


be used ex,ernally: 
S04. S05. S06. S07. ~nd 


SOF. 


INOTE] 


11 Excludes the following 
addresses which may 


be used externally: 
S04. 505. S06. S07 and 


SOF. 
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HD6801S4 
Mode 


$0000 


$OOlF 


$XX80 


$XXFF 


[NOTES) 
1) The internal ROM is disabled. 
21 Mode 4 may be changed to Mode 5 without 


having 
to assert 
RESET 
by writing 
a "'" 
into 
the peo bit of Port 2 Data Register. 
3) 
Addresses 
Ae to Al s are treated 
as "don't 
cares" 
to decode 
internal 
RAM. 


4) 
Internal RAM wilt appear at $XX80 to $XXFF. 


HD6801S5 
Mode 


Non-Multip[exed/Partial 
Decode 


$0000111 


~) 
Internal 
Registers 


$OOlF 
Unusable 


} Imernal 
RAM 


} 
External 
Memory 
Space 


[NOTES] 


1) Excludes the following 
addresseswhich may 


not be used externally": 
$04, $06, and $OF. 


INo 10SI 


21 This mode may be entered without 
going 


through 
RES by using Mode 4 and sub- 


sequently writing a "'" 
into the peo bit of 


Port 
2 Data 
Register. 


3) Address lines Ao -A7 
wilt not contain address- 


es until the Data Direction 
Register for Port 4 


has been written with ",'s" 
in the appropriate 


bits. These addresslines will assert "1's" 
until 


made outputs by writing the Data Direction 
Register. 
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Multiplexed/Partial 
Decode 


$0000(1) 


HD6801S6 
Mode 


~o::~) 


$OO80.} 
"''' 
I 


Unusable 


[NOTES) 
1) 
Excludes the following 
address which may be 
usedexternally:$04, $06,$OF. 


2) 
Address lines A,-A1! 
will not contain 


addresses until the Data Direction 
Register for 
Port 4 has been written with "l's" 
in the 


appropriate 
bits. These address lines will 


assert "1's" until made outputs 
by writing 
the 
Data Direction 
Register. 


HD6801S7 
Mode 
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• 
PROGRAMMABLE 
TIMER 


The 
HD6801S 
contains 
an on-chip 
16-bit programmable 


timer which may be used to perform measurements on an input 
waveform while independently 
generating an output waveform. 


Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 
an 8-bit control and status register, 
a 16-bit free running counter, 
a 16-bit output compare register, and 
a 16-bit input capture register 


A block diagram of the timer regisleu is sh9wn in Figure 21. 


• 
Free Running 
Counter 
($0009:$000A) 


The key element in the programmable timer is a 16-bit free 


running counter 
which is driven to increasing values by E (En- 


able). The counter 
value may be read by the CPU software at 


any time. The counter 
is cleared to zero by reset and may be 


considered a read·only register with one exception. Any CPU 
write to the counter's 
address ($09) will always result in preset 


value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended 
for 


testing operation 
of the part, 
but may be of value in some 


applications. 
• 
Output 
Compare 
Register 
($OOOB:$OOOC) 


The Output Compare Register is a 16-bit read/write register 


which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output 
Level bit (OLVL) in the TCSR is 


clocked 
to 
the 
Output 
Level Register. 
Providing 
the 
Data 
T>irection Re~ter 
for Port 2, Bit I contains a "I" 
(Output), 
the output level register value will appear on the pin for Port 2 


Bit I. The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare 
value. The Output 
Compare 
Register is set to 
$FFFF 
during 
RES. The Compare 
function 
is inhibited 
for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid l6-bit value is in the register 
before a compare is made. 
• 
Input 
Capture 
Register 
($OOOD:$OOOE) 
The Input Capture Register is a l6-bit read·only register used 
to store the current value of the free running counter when the 
proper transition 
of an external input signal occurs. The input 
transition 
change 
required 
to trigger the counter 
transfer 
is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should· 
be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 


The input pulse width must be at least two E-cycles to ensure 
an input capture under all conditions. 


• 
With Port 2 Bit 0 configured as an output and set to "1". the 
external input will still be seen by the edge detect unit. 


• 
Timer 
Control 
and Status 
Register 
(TCSR) 
($0008) 


The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. 
The upper 
three bits contain 
read-only 
timer status information 
and indicate the followings. 


• a proper transition has taken place on the input pin with a 
subsequent 
transfer 
of the current 
counter 
value to the 
input capture register. 


• a match 
has been found 
between 
the value in the free 
running counter and the output compare register, and 


• when $סס oo is in the free running counter. 
Each of the flags' may be enabled onto the HD680 I internal 
bus (IRQ,) 
with an individual Enable bit in the TCSR. If the 


T,mer b7 


ContrOl 
ICF OCF rOF 
And 
St.luS 
RegIster 
S08 


OUlput 
Inpul 


Level 
Edge 


B,( 1 
8'10 
POri 
2 
Pori 
2 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


I-bit 
in the HD6S0 
IS Condition 
Code 
Register 
has been cleared, 
a priority 
vectored 
interrupt 
will occur 
corresponding 
to the flag 
bit(s) 
set. A description 
for each 
bit follows: 
Bit 0 
Ol Vl 
Output 
Level - This value is clocked 
to the output 


level 
register 
on a 
successful 
output 
compare. 
If 


the 
DDR 
for 
Port 
2 bit 
I is set, 
the 
value 
will 


appear 
on the output 
pin. 
Bit I 
IEDG 
Input 
Edge 
- 
This bit controls 
which 
transition 
of 


an input 
will 
trigger 
a transfer 
of 
the counter 
to 


the input 
capture 
register. 
The DDR 
for Port 
2 Bit 


o must 
be clear 
for this function 
to operate. 
IEDG 


= 0 
Transfer 
takes 
place 
on 
a 
negative 
edge 


("High"-to-"Low" 
transition). 
. 
IEDG 
= I Transfer 
takes 
place 
on a positive 
edge 


("Low"-to-"High" 
transition). 
Bit 2 
ETOI 
Enable 
Timer 
Overflow 
Interrupt 
- 
When set, this 
bit enables 
IRQ, 
to occur 
on the internal 
bus for a 


TOF 
interrupt; 
when 
clear 
the 
interrupt 
is in- 
hibited. 
Bit 3 
EOCI 
Enable 
Output 
Compare 
Interrupt 
- 
When 
set. 
this bit enables 
IRQ, 
to appear 
on the internal 
bus 
for 
an output 
compare 
interrupt; 
when 
clear 
the 


interrupt 
is inhibited. 
Bit 4 
EICI 
Enable 
Input 
Capture 
Interrupt- 
When 
set, 
this 
bit enables 
IRQ, 
to occur 
on the 
internal 
bus for 


an 
input 
capture 
interrupt; 
when 
clear 
the 
inter- 
rupt 
is inhibited. 


Bit 5 TOF 
Timer 
Overflow 
Flag 
- 
This 
read-only 
bit 
is set 


when 
the 
counter 
contains 
$FFFF. 
It is cleared 
by 


a read 
of the TCSR 
(with 
TOF 
set) followed 
by an 


CPU read of the Counter 
($09). 


Bit 6 
OCF 
Output 
Compare 
Flag 
- 
This 
read·only 
bit is set 


when 
a 
match 
is 
found 
between 
the 
output 


compare 
register 
and the free running 
counter. 
It is 


cleared 
by 
a read 
of 
the 
TCSR 
(with 
OCF 
set) 


followed 
by an CPU 
write 
to the output 
compare 


register 
($OB or $OC). 


Bit 7 
ICF 
Input 
Capture 
Flag 
- 
This 
read-only 
status 
bit is 


set by a proper 
transition 
on the input, 
it is cleared 


by a read 
of the TCSR 
(with 
ICF set) followed 
by 


an CPU 
read of the Input 
Capture 
Register 
(SOD). 


• 
SERIAL 
COMMUNICATION 
INTERFACE 


The 
H0680 
I S 
contains 
a 
full-duplex 
asynchronous 
serial 


communication 
interface 
(SCI) 
on 
chip. 
The 
controller 


comprises 
a transmitter 
and a receiver 
which 
operate 
independ· 
ently 
or each 
other 
but 
in the same data 
format 
and at the same 


data 
rate. 
Both 
transmitter 
and 
receiver 
communicate 
with 
the 


CPU 
via the 
data 
bus and with 
the outside 
world 
via pins 2, 3, 


and 
4 of Port 
2. The 
hardware, 
software, 
and 
registers 
are ex- 


plained 
in the following 
paragraphs. 


• 
Wake-Up 
Feature 


In 
a 
typical 
multi-processor 
application, 
the 
software 


protocol 
will usually 
contain 
a destination 
address 
in the initial 


byte(s) 
of 
the 
message. 
In order 
to permit 
non-selected 
MCU's 


to 
ignore 
the 
remainder 
of 
the 
message, 
a wake·up 
feature 
is 


included 
whereby 
all 
further 
interrupt 
processing 
may 
be 
optionally 
inhibited 
until 
the 
beginning 
of 
the 
next 
message. 
When 
the 
next 
message 
appears, 
the 
hardware 
re-enables 
(or 
"wakes-up") 
the 
for 
the 
next 
message. 
The 
"wake-up" 
is 


automatically 
triggered 
by a string 
of ten consecutive 
I's which 


indicates 
an 
idle 
transmit 
line. 
The 
software 
protocol 
must 


provide 
for 
the short 
idle period 
between 
any 
two 
consecutive 


messages. 


• 
Programmable 
Options 


The 
following 
features 
of the HD680 
I S serial I/O section 
are 


programmable: 
· format 
- standard 
mark/space 
(NRZ) 


• Clock 
- external 
or internal 
• baud 
rate 
- 
one of 4 per given CPU 
"', clock 
frequency 
or 


external 
clock ,-S input 


• wake-up 
feature 
- enabled 
or disabled 


• Interrupt 
requests 
- 
enabled 
or 
masked 
individually 
for 


transmitter 
and receiver 
data 
registers 


• clock 
output 
- 
internal 
clock 
enabled 
or disabled 
to Port 


2 (Bit 2) 


• Port 
2 (bits 
3 and 4) - 
dedicated 
or not dedicated 
to serial 


I/O individually 
for transmitter 
and receiver. 


• 
Serial 
Communication 
Hardware 
The 
serial 
communication 
hardware 
is 
controlled 
by 
4 


registers 
as shown 
in Figure 
22. The registers 
include: 


• an 8-bit 
control 
and status 
register 
• a 4-bit 
rate and mode 
control 
register 
(write-only) 


• an 8·bit 
read-only 
receive 
data 
register 
and 


• an 8-bit 
write·only 
transmit 
data 
register. 


In addition 
to the four 
registers, 
the serial 
I/O section 
utilizes 


bit 3 (serial 
input) 
and 
bit 4 (serial 
output) 
of Port 
2. Bit 2 of 


Port 
2 is utilized 
if the 
internal·clock-out 
or external-clock-in 
options 
are selected 
. 


Transmit/Receive 
Control 
and Status 
(TRCSI 
Register 


The 
TRCS 
register 
consists 
of an 8-bit 
register 
of which 
all 8 


bits 
may 
be 
read 
while 
only 
bits 
0-4 
may 
be written. 
The 


register 
is initialized 
to 
520 
by 
reset. 
The 
bits 
in the 
TRCS 
register 
are detined 
as follows: 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Rate and Mode Control 
Reglstel' 
Bu 0 


~$10 


Transmit/Receive 
Control 
and Status 
Register 


$11 


Bit 0 WU 
"Wake-up" on Next Message - 
set by HD6801S 


software 
and cleared by hardware on receipt of 
ten consecutive 
l's or reset of RE nag. It should 


be noted that RE nag should be set in advance of 
CPU set of WU nag. 


Bit I TE 
Transmit 
Enable - 
set by HD680lS 
to produce 


preamble 
of nine consecutive 
I's and to enable 
gating 
of 
transmitter 
output 
to Port 
2, bit 4 


regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 
TE set should be after at least one bit time of data 
transmit 
rate from the 
set·up of transmit 
data 


rate and mode. 


Bit 2 TIE 
Transmit Interrupt 
Enable - when set, will permit 


an IRQ, interrupt 
to occur when bit 5 (TDRE) is 


set; when clear, the TDRE value is masked from 
the bus. 


Bit 3 RE 
Receiver Enable - when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port :! 
bit 3. 


Bit 4 RIE 
Receiver Interrupt 
Enable - when set, will permit 


an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt 
is 


masked. 


Bit 5 TORE 
Transmit Data Register Empty - set by hardware 
when a transfer 
is made from the transmit data 
register to the output 
shift register. The TDRE bit 


is cleared 
by 
reading the 
status 
register, 
then 


writing a new byte into the transmit data register, 
TDRE is initialized to I by reset. 


Bit 6 OR FE Over.Run.Framing 
Error - set by hardware when 


an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. 
A framing 
error has occurred when the byte boundaries in bit 
stream are not synchronized 
to bit counter. 
The 


ORFE bit is cleared by reading the status register, 
then 
reading 
the 
Receive Data 
Register, or by 


reset. 


Bit 7 RORF Receiver Data Register Full - 
Set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. The RDRF bit is 
cleared by reading the status register, then reading 
the Receive Data Register, or by reset. 


Rate and Mode Control Reg.ioter 
The Rate and Mode Control 
register controls the following 
serial I/O variables: 


• Baud rate 
• format 
• clocking source, and 
• Port 2 bit 2 configuration 
The register consists of 4 bits all of which are write·only and 
cleared by reset. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two bits control 
the 


format 
and clock 
select 
logic. The 
register definition 
is as 


follows: 
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Bit 0 
Bit I 
SSO} Speed Select - These bits select the Baud rate for 
SS1 
the internal clock. The four rates which may be 
selected 
are a function 
of the 
CPU 
<1>, 
clock 


frequency. Table 5 lists the available Baud rates. 


Bit 2 CCO} Clock Control and Format Select - this 2-bit field 
Bit 3 CC1 
controls the format and clock select logic. Table 6 
defines the bit field. 


XTAL 
2.4576 MHz 
4.0 MHz 
4.9152 MHz' 
SSl 
: SSO 
1.2288 MHz 
E 
614.4 kHz 
1.0 MHz 


0 
0 
E';'16 
26 Ils/38,400 
8aud 
16Ils/62.500 
Baud 
13Ils/76.800 
Baud 


0 
1 
E.;. 128 
208 J,lS/4.800 Baud 
128Ils/7812.5 
Baud 
104.2Ils/9.600 
Baud 
1 
0 
E ';'1024 
1.67 ms/600 Baud 
1.024 ms/976.6 Baud 
833.3 Ils/1.200 Baud 


1 
1 
E.;. 4096 
6.67 ms/150 Baud 
4.096 ms/244.1 Baud 
3.33 ms/300 Baud 


CC1:CCO 
Format 
Clock Source 
Port 2 Bit 2 
Port 2 Bit 3 
Port 2 Bit 4 


0 
0 
- 
- 
- 
.. 
.. 


0 
1 
NRZ 
Internal 
Not Used 
.. 
.. 


1 
0 
NRZ 
Internal 
Output· 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 


Internally Generated Clock 


If the user wishes for the serial I/O to furnish a clock, the 


following requirements are applicable: 
• the values of RE and TE are immaterial. 
• CCI, CCOmust be set to 10 
• the maximum clock rate will be E.;. 16. 
• the clock will be at Ix the bit rate and will have a rising 


edge at mid-bit. 


Externally Generated Clock 


If the user wishes to provide an external clock for the serial 


I/O, the following requirements are applicable: 


• the CCI, CCO, field in the Rate and Mode Control Register 


must be set to II, 
• the external clock must be set to 8 times (x8) the desired 


baud rate and 
• the maximum external clock frequency is 1.0 MHz. 


• 
Serial Operations 
The 
serial 
I/O 
hardware 
should 
be 
initialized 
by 
the 


HD6801S 
software 
prior 
to 
operation. 
This 
sequence 
will 


normally consist of; 
• writing the desired operation control bits to the Rate and 


Mode Control Register and 
• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 


The Transmitter 
Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit Operations 
The transmit 
operation 
is enabled by the TE bit in the 


Transmit/Receive 
Control 
and Status Register. This bit when 


set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional 
control over the Data Direction 


Register value for Port 2, Bit 4. 


Following a RES the user should configure both the Rate 


and Mode Control Register and the Transmit/Receive 
Control 


and Status 
Register for desired operation. 
Setting the TE bit 


during 
this 
procedure 
initiates 
the 
serial output 
by 
first 


transmitting 
a nine·bit preamble of I's. Following the preamble, 


internal 
synchronization 
is established 
and 
the 
transmitter 


section is ready for operation. 


At this point one of two situation exist: 
I) if the Transmit 
Data Register is empty (TORE = I), a 


continuous 
string of ones will be sent indicating an idle 


line, or, 


2) if data has been loaded into the Transmit Data Register 


(TORE 
= 0), the word is transferred to the output shift 


register and transmission of the data word will begin. 


During the data transmit, the 0 start bit is first transmitted. 


Then the 8 data bits (beginning with bit 0) followed by the stop 
bit 
are transmitted. 
When the Transmitter 
Data Register has 


be~n emptied, the hardware sets the TORE flag bit. 


If the HD680 IS fails to respond to the flag within the proper 


time, (TORE is still set when the next normal transfer from th~ 
parallel data register to the serial output register should occur) 
then 
a I will be sent (instead 
of a 0) at "Start" 
bit time, 


followed by more I's until more data is supplied to the data 
register. No O's will be sent while TORE remains a I. 
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Receive Operation 


The receive operation is enabled by the RE bit which gates in 


the serial input 
through 
Port 
2 Bit 3. The receiver section 


operation 
is conditioned 
by the 
contents 
of the Transmit! 


Receive Control 
and Status Register and the Rate and Mode 


Control Register. 


The receiver bit interval is divided into 8 sub-intervals for 


internal 
synchronization. 
In the NRZ Mode, the received bit 


stream is synchronized by the first 0 (space) encountered. 


The approximate 
center of each bit time is strobed during 


the next 10 bits. If the tenth bit is not a I (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a I, the 
data is transferred 
to the Receive Data' Register, and interrupt 


flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD6801S responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


• 
RAM CONTROL REGISTER 
This 
register, 
which 
is addressed 
at $0014, 
gives status 
information 
about the standby RAM. A "0" in the RAM enable 


bit (RAME) will disable the standby RAM, thereby protecting 
it at power down if Vcc Standby 
is held greater than VSBB 


volts, as explained previously in the signal description for Vcc 
Standby. 


Bit 0 
Not used. 


Bit I 
Not used. 


Bit 2 
Not used. 


Bit 3 
Not used. 


Bit 4 
Not used. 


Bit 5 
Not used. 


Bit 6 RAME The RAM Enable control bit allows the user the 


ability to disable the standby RAM. This bit is set 
to a logic" I" by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 


Big 7 STBY The Standby Power bit is cleared when the stand- 


PWR 
by voltage is removed. This bit is a read!write sta- 
tus flag that the user can read which indicates that 
the standby 
RAM voltage has been applied, and 


the data in the standby RAM is valid. 


• 
GENERAL 
DESCRIPTION 
OF INSTRUCTION SET 


The HD6801S is upward object code compatible 
with the 


HD6800 as it implements 
the full HMCS6800 instruction 
set. 


The execution 
times of key instructions have been reduced to 
increase throughout. 
In addition, 
new instructions 
have been 


added; these include 16-bit operations and a hardware multiply. 


Included in the instruction set section are the following: 
• CPU Programming Model (Figure 23) 
• Addressing modes 
• Accumulator and memory instructions - Table 7 
• New instructions 
• Index register and stack manipulations instructions - Table 


8 
• Jump and branch instructions - Table 9 


• Condition code register manipulation instructions - Table 10 
• Instructiuns 
Execution 
times in machine cycles - 
Table 


II 


• Summary of cycle by cycle operation - Table 12 
• Op codes Map - Table 13 


• 
CPU Programming Model 
The programming model for the HD6801S is shown in Figure 
23. The double (D) accumulator 
is physically the same as the 


Accumulator 
A concatenated 
with the Accumulator 
B so that 


any operation using accumulator 
0 will destroy information 
in 


A and B. 


f5- - - - ~ - - _01.J~- - _! - - -~ 


1,5 
x 
01 
Indell 
Register 
(X) 


1,5 
SP 
01 
Stack 
POinter 
(SPI 


115 
PC 
01 
Program 
Countel 
(PCI 


Carry/Borrow 
from 
M$B 


Overflow 


Zero 


Negative 


Interrupt 


Half 
Carry 
IF.om 
B,I 3) 


• 
CPU Addressing Modes 
The 
HD6801S 
eight.bit 
microcomputer 
unit 
has 
seven 
address modes that can be used by a programmer, 
with the 


addressing mode a function of both the type of instruction and 
the coding within the instruction. 
A summary of the addressing 


modes for a particular 
instruction 
can be found in Table I I 
along with the associated instruction 
execution 
time that 
is 


given in machine cycles. With a clock frequency of 4 MHz, these 
times would be microseconds. 
Accumulator 
(ACCX) Addressing 
In accumulator 
only addressing, either 
accumulator 
A or 
accumulator B is specified. These are une·byte instructions. 
Immediate Addressing 
In immediate 
addressing, 
the operand 
is contained 
in the 
second byte of the instruction except LOS and LOX whicb have 
the operand in the second and third bytes uf the instruction. 
The CPU addresses this lucation when it fetches the immediate 
instruction 
for executiun. 
These are twu or three-byte instruc- 
tions. 
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Condition 
Code 


Addressing Modes 
Register 
Operations 
Mnemonic 
Booleanl 
3 
2 
IMMED. 
DIAECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M 
...•A 
I · 


I 
I 
I 
I 


ADDB 
C8 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-B 
I · 


I 
I 
I 
I 


Add Double 
ADDD 
C3 
4 
3 
03 
5 
2 
c3 
6 
2 
F3 
6 
3 
A:B+M:M+1-A: 
B ·· 


I 
I 
I 
I 


Add Accumulators 
ABA 
1B 
2 
1 
A+B-+A 
I · 
I 
I 
I 
I 


Add With Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
I · 


I 
I 
I 
I 


ADCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-+B 
I · 


I 
I 
I 
I 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
·· 


I 
I 
A · 
AN DB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M-8 
·· 


I 
I 
A · 
Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
·· 


I 
I 
A · 
BIT 
B 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
B'M 
·· 


I 
I 
A · 
Clear 
CLA 
6F 
6 
2 
7F 
6 
3 
OO-M 
·· 


A 
S 
A 
A 


CLAA 
4F 
2 
1 
00- 
A 
·· 


A 
S 
A 
A 


CLAB 
5F 
2 
1 
00 - 
B 
·· 


A 
S 
A 
A 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
B1 
4 
3 
A-M 
·· 


I 
I 
I 
I 


CMPB 
C1 
2 
2 
01 
3 ,2 
El 
4 
2 
Fl 
4 
3 
B-M 
·· 


I 
I 
I 
I 


Compare 
CeA 
11 
2 
1 
A-B 
·· 


I 
I 
I 
I 
Accumulators 


Complement, 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 


I 
I 
A 
S 


COMA 
43 
2 
1 
A-A 
• · 


I 
I 
A 
S 


COMB 
53 
2 
1 
B -B 
·· 


I 
I 
A 
S 


Complement, 
2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I 
I 
(f ~ 


(Negate) 
NEGA 
40 
2 
1 
00 - A- 
A 
·· 


I 
I 
1 ~ 


NEGB 
50 
2 
1 
OO-B-B 
·· 


I 
I 
1I ? 


Decima' 
Adjust, A 
DAA 
19 
2 
1 
Converts binary add of BCD ·· 


I 
I 
I ~ 
characters into BCD format 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M -1- 
M 
·· 


I 
I 
@ · 
DECA 
4A 
2 
1 
A - 1 - 
A 
·· 


I 
I 
(4) 
• 


DECB 
5A 
2 
1 
B-1 
- 
B 
• · 


I 
I 
l~ 
• 


Exclusive OR 
EOAA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A(j) 
M-A 
·· 


I 
I 
A · 
EOAB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B (j) M- 
B 
·· 


I 
I 
A · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+1 
-+M 
·· 


I 
I 
$l • 


INCA 
4C 
2 
1 
A+1-A 
·· 


I 
I 
'5' 
• 


INCB 
5C 
2 
1 
B + 1 - 
B 
·· 


I 
I 
,5 · 
Load 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
·· 


I 
I 
A · 
Accumulator 
LDAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
·· 


I 
I 
A · 
Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 - 
B, M - 
A 
·· 


I 
I 
A · 
Accumulator 


Multiply 
Unsigned 
MUL 
3D 
10 
1 
AxB-A 
:B 
····· 


I!j) 


OR, 
Inclusive 
OAAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
·· 


I 
I 
A · 
OAAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B + M- 
B 
·· 


I 
I 
A · 
Push Data 
PSHA 
36 
3 
1 
A - 
Msp, SP - 1 - 
SP 
······ 
PSHB 
37 
3 
1 
B - 
Msp. SP - 1 - 
SP 
······ 
Pull Data 
PULA 
32 
4 
1 
SP + 1 - 
SP, Msp -+ A 
······ 
PULB 
33 
4 
1 
SP + 1 - 
SP. Msp - 
B 
······ 
Rotate 
Left 
AOL 
69 
6 
2 
79 
6 
3 
~)lCH II 
i III 
·· 


I 
I 
6 
I 


AOLA 
49 
2 
1 
IIJ ·· 


I 
I 
6 
I 


AOLB 
59 
2 
1 
B 
C 
b7 
bO ·· 


I 
I 
6 
I 


Aotate 
Right 
AOA 
66 
6 
2 
76 
6 
3 
~) LD=i I 
I~ ·· 


I 
I 
6 II 


AOAA 
46 
2 
1 
I I I I I 
·· 


I 
I 
6 II 


B 
C 
b7 
bO 


AOAB 
56 
2 
1 
·· 


I 
I 
6 II 
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Double 
Shift 
Left, 
Arithmetic 


Shift 
Right 
Arithmetic 


Double 
Shift 
Right 
Logical 


Store 
Accumulator 


Store 
Double 
Accumulator 


Subtract 


Double 
Subtract 


Subtract 
Accumulators 


ASL 


ASLA 


ASLB 


ASR 


ASRA 


ASRB 


LSR 


LSRA 


LSRB 


STAA 


STAB 


STD 


IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 


DP 
- 
# 
OP 
- 
# 
OP 
- 
# 
OP 
- 
# 
OP 
- 
# 


6B 
6 
2 
7B 
6 
3 


97 
3 
2 
A7 
4 
2 
B7 
4 
3 


D7 
3 
2 
E7 
4 
2 
F7 
4 
3 


DD 
4 
2 
ED 
5 
2 
FD 
5 
3 


BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 


CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 


B3 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 


Direct 
Addressing 


In direct addressing, the address of the operand is contained 


~ the second byte of the instruction. 
Direct addressing allows 


the user to directly address the lowest 256 bytes in the machine 
Le., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended 
Addressing 


In extended addressing, the address contained in the second 


byte of the instruction 
is used as the higher eight-bits of the 


address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed 
Addressing 


In indexed addressing, the address contained 
in the second 
byte of the instruction 
is added to the index register's lowest 


SUBA 


SUBB 


SUBD 


SBA 


SBCA 


SBCB 


TAB 


TBA 


TST 


TSTA 


TSTB 


The 
Condition 
Code 
Register 
notes 
are listed 
after 
Table 
10. 


2 
1 ~j[}o-i 
!i111 IIt-o 


2 
1 
B 
C 
b7 
bO 


Condition 
Code 
Register 


543210 


HINZVC 


• 
• 
I 
I ® I 


• 
• 
I 
I ® I 


• 
• 
I 
I 
6 
I 


• 
• 
I 
I ® I 


• 
• 
I 
I 
6 
I 


• 
• 
I 
I 
6 
I 


• 
• 
I 
I 
6 
I 


• 
• 
R 
I 
6 
I 


• 
• 
R 
I ® I 


• 
• 
R 
I ® 
I 


• 
• 
R 
I ® I 


• 
• 
I 
I 
I 
I 


• 
• 
I 
I 
I 
I 
• 
• 
I 
I 
I 
I 


• 
• 
I 
I 
I 
I 


- - 
• 
• 
I 
I 
1 
I 
• 
• 
I 
I 
I 
I 


• 
• 
t 
t 
R 
• 


• 
• 
t 
t 
R 
• 


• 
• 
t 
t 
R 
R 
• 
• 
I 
I 
R 
R 


• 
• 
I 
I 
R 
R 


eight bits in the CPU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied 
Addressing 
In the 
implied addressing mode the instruction 
gives the 
address 
(i.e., 
stack 
pointer, 
index 
register, etc.). 
These 
are 
one-byte instructions. 
Relative 
Addressing 
In relative addressing, the address contained 
in the second 
byte of the instruction is added to the program counter's lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of the present instruction. These 
are two-byte instructions. 
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~) C?I 
e 
.7 --. 


1 ! ! 1 
1 IbOr-g 


Mj 
__ 


u--lll! 
IIIII-y 


B 
b7 
bO 


-+ 


04 
3 
1 
0-01 
ACC 
AI 
ACC 
B 
J-.n 


A7 
AO 
B7 
BO 
~ 


A_ 
M 


B-M 
A_M 
B _ 
M+ 
1 


A-M-A 


B-M_B 


A:B-M:M+l-A:B 


A-M-C-A 


B-M-C-B 
A-B 
B_A 


M -00 


A - 00 


B - 00 


• 
New Instructions 
In addition 
to the existin~ 6800 
Instruction 
Set, the following new instructions 
are 


incorporated 
in the HD6801S Microcomputer. 


ABX 
Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 


ADDD 
Adds the double precision ACCD· to the double precision value M:M+I and places 
the results in ACCD. 


ASLD 
Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 
LDD 
Loads 
the 
contents 
of 
double 
precision 
memory 
location 
into 
the 
double 


accumulator A:B. The condition codes are set according to the data. 
LSRD 
Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 
MUL 
Multiplies the 8 bits in accumulator 
A with the 8 bits in accumulator B to obtain a 


I6-bit unsigned number in A:B, ACCA contains MSB of result. 


PSHX 
The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 
PULX 
The index 
register 
is pulled 
from 
the 
stack' beginning at the current 
address 


contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 


STD 
Stores the contents pf double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 


SUBD 
Subtracts 
the contents 
of M:M + I from the contents of double accumulator AB 


and places the result in ACCD. 


BRN 
Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 


CPX 
Internal 
processing modified 
to permit 
its use with any conditional 
branch in- 


struction. 


Addressing Modes 
Condition 
Code 


Booleanl 
Register 
Pointer 
Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Reg 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X-M: 
M+ 
1 
·· 


I 
I 
I 
I 


Decrement 
Index 
Reg 
DEX 
09 
3 
1 
X -1- 
X 
··· 
I ·· 
Decrement 
Stack 
Pntr 
DES 
34 
3 
1 
SP - 
1 - 
SP 
······ 
Increment 
Index Reg 
INX 
08 
3 
1 
X + 1- 
X 
··· 
I ·· 
Increment Stack Pntr 
INS 
31 
3 
1 
SP+1-SP 
······ 
Load Index 
Reg 
LOX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
.M- 
XH• 1M+ 11- 
XL · 
·WI 
R · 
Load Stack Pntr 
LOS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M- 
SPH,IM+1J-SPL ·· 


(J)l 
R · 
Store 
Index 
Reg 
STX 
OF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M,XL-+(M+1) 
·· 
7 
I 
R • 
Store Stack Pntr 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH - 
M, SPL -IM+ 
1) ·· 
1J I 
R · 
Index 
Reg -+ Stack 
Pntr 
TXS 
35 
3 
1 
X - 1 - 
SP 
······ 
Stack Pntr -+ Index Reg 
TSX 
30 
3 
1 
SP + 1 - 
X 
···• • · 
Add 
ABX 
3A 
3 
1 
B+X-X 
······ 
Push 
Data 
PSHX 
3C 
4 
1 
XL - 
Msp, SP - 1 - 
SP ·····• 
XH - 
M,p. SP - 1 - 
SP 


Pull Data 
PULX 
38 
5 
1 
SP + 1 - 
SP, M,p - 
XH ······ 
SP + 1- 
SP, Msp - 
XL 
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Addressing Modes 
Condition 
Code 
Regist.r 
Operations 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Branch Test 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
- - - - - - 
Branch N.v.r 
BRN 
21 
3 
2 
None 
- - - - - - 
Branch If Carry Clear 
BCC 
24 
3 
2 
CoO 
- - - - - - 
Branch If Carry s.t 
BCS 
25 
3 
2 
C -1 
- - - - - - 
Branch If • Zero 
BED 
27 
3 
2 
Z=1 
- - - - - - 
Branch If ;> Zero 
BGE 
2C 
3 
2 
N(!)V-O 
- - - - - - 
Branch If > Zero 
BGT 
2E 
3 
2 
Z + (N (!) VI- 
0 
- - - - - - 
Branch If Higher 
BHI 
22 
3 
2 
C+Z-O 
- - - - - - 
Branch If 0( Zero 
BlE 
2F 
3 
2 
Z+ 
(N (!) 
VI- 
1 
- - - - - - 
Branch If Low.r 
Or 
BlS 
23 
3 
2 
C + Z-1 
- - - - - - 
S.me 


Branch If < Zero 
BlT 
20 
3 
2 
N (!) V-I 
- - - - - - 
Branch If Minus 
BMI 
2B 
3 
2 
N - 1 
- - - - - - 
Branch If Not Equal 
BNE 
26 
3 
2 
ZoO 
- - - - - - 
Zero 


Branch If Overflow 
BVC 
2B 
3 
2 
V-O 
- - - - - - 
Clear 


Branch If Overflow 
Set 
BVS 
29 
3 
2 
V-I 
- - - - - - 
Branch If Plus 
BPl 
2A 
3 
2 
N-O 
- - - - - - 
Branch To Subroutine 
BSR 
BD 
6 
2 
- - - - - - 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
- - - - - - 
Jump To Subroutine 
JSR 
90 
5 
2 
AD 
6 
2 
BD 
6 
3 
- - - - - - 


No Operation 
NOP 
01 
2 
1 
Advances Prog. Cntr. 
- - - - - - 
On IV 


Return 
From 
Interrupt 
RT! 
3B 
10 
1 
-@- 


Aetum 
From 
RTS 
39 
5 
1 
- - - - - - 
Subroutine 


Software 
Interrupt 
SWI 
3F 
12 
1 
- 
S - - - - 
Wait for Interrupt 
WAI 
3E 
9 
1 
- ®- - - - 


AddressingModes 
Condition 
Code Register 


Operations 
Mnemonic 
IMPLIED 
Boolean Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
H 
I 
N 
Z 
V 
C 


Cleer Carry 
ClC 
OC 
2 
1 
O-C 
- - - - - 
R 


Cl•• r Interrupt 
Mask 
CLI 
OE 
2 
1 
0-1 
- 


R - 
- - - 
CI.ar 
Overflow 
ClV 
OA 
2 
1 
O-V 
- - - - 
R - 
Set Carry 
SEC 
00 
2 
1 
l-C 
- - - - - 
S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1-1 
- 


5 - - - - 
Set Overflow 
SEV 
OB 
2 
1 
I-V 
- - - - 
5 - 
Accumulator 
A - 
CCR 
TAP 
06 
2 
1 
A- 
CCR 
---@)--- 


CCR - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR- 
A 
-1-1-1-1- 
- 


Condition 
Code Register Notes: 
(Bit set it test is true and cleared otherwise) 


CD 
(Bit 
V) 
Test: 
Result 
= l0000000? 


~ 
(Bit 
CI 
Test: 
Result 
~ OOOOOOOO? 


@ 
(Bit Cl 
Test: 
Decimal value of most significant 
BCD Character greater than nine? (Not cleared if previously 
set) 


@ 
(Bit V) 
Test: 
Operand"" 
10000000 
prior to execution? 


® (Bit V) 
Test: 
Operand 
= 01111111 
prior to execution? 
\t (Bit V) 
Test: 
Set equal to result of N~C 
aher shift has occurred. 


(j) (Bit Nl 
Test: 
Result less than zero? (Bit 15 = 1) 


@ (All) 
Load Condition 
Code Register from Stack. (See Special Operations) 


@ (Bit I) 
Set when interrupt 
occurs. If previously 
set, a Non·Maskable 
Interrupt 
is required to exit the wait state. 
@) (All) 
Set according to the contents of Accumulator 
A. 


@ (Bit 
C) 
Set equal to result of Bit 7 (ACCBI 
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HD6801 50,HD6801 
55 


Table 
11 
Instruction Execution Times in Machine Cycles 


ACCX 
Imme- 
Direct 
Ex- 
In- 
1m- 
Re- 
ACCX 
Imme· 
Direct 
Ex- 
In- 
1m- 
Re- 


diate 
tended 
dexed 
plied 
lative 
diate 
tended 
de xed 
plied 
lative 


ABA 
2 
INX 


ABX 
3 
JMP 
3 
3 


ADC 
2 
3 
4 
4 
JSR 
5 
6 
6 


ADD 
2 
3 
4 
4 
LOA 
3 
4 


ADDD 
4 
5 
6 
6 
LDD 
4 
5 
5 


AND 
2 
3 
4 
4 
LOS 
4 
5 
5 


ASL 
2 
6 
6 
LOX 
5 
5 


ASLD 
LSR 
6 
6 


ASR 
2 
6 
6 
LSRD 
3 


BCC 
3 
MUL 
10 


BCS 
3 
NEG 
6 
6 


BED 
f 
3 
NoP 
2 


BGE 
3 
ORA 
4 
4 


BGT 
3 
PSH 


BHI 
3 
PSHX 
4 


BIT 
2 
3 
4 
4 
PUL 
4 


BLE 
3 
PULX 
5 


BLS 
3 
RoL 
6 
6 


BLT 
3 
RoR 
6 
6 


BMI 
3 
RTI 
10 


BNE 
3 
RTS 
5 


BPL 
3 
SBA 
2 


BRA 
3 
SBC 
4 


BRN 
3 
SEC 


BSR 
6 
SEI 


BVC 
3 
SEV 


BVS 
3 
STA 
3 
4 
4 


CBA 
2 
STD 
4 
5 
5 


CLC 
2 
STS 
4 
5 
5 


CLI 
2 
STX 
4 
5 
5 


CLR 
2 
6 
6 
SUB 
3 
4 
4 


CLV 
SUBD 
5 
6 
6 


CMP 
2 
3 
4 
4 
SWI 
12 


COM 
2 
6 
6 
TAB 
2 


CPX 
4 
6 
6 
TAP 
2 


DAA 
TBA 
2 


DEC 
6 
6 
TPA 
2 
DES 
TST 
6 
6 


DEX 
TSX 
3 


EoR 
3 
4 
TXS 
3 


INC 
6 
6 
WAI 
9 


INS 
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• 
Summary 
of Cycle by Cycle Operation 


Table 
12 provides 
a detailed 
description 
of the 
information 


present 
on the 
Address 
Bus, Data 
Bus, and 
the 
Read/Write 
line 


(R/W) 
during 
each cycle 
for each instruction. 


This 
information 
is useful 
in comparing 
actual 
with expected 
results 
during 
debug 
of 
both 
software 
and 
hardware 
as 
the 


control 
program 
is executed. 
The 
information 
is categorized 
in 
groups 
according 
to addressing 
mode 
and 
number 
of cycles 
per 
instruction. 
(In 
general, 
instructions 
with 
the 
same 
addressing 


mode 
and 
number 
of 
cycles 
execute 
in the 
same 
manner; 
ex· 
ceptions 
are indicated 
in the table). 


ADC 
EOR 
2 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code Address 
+ 1 
1 
Operand 
Data 


AND ORA 


BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Op Code 
Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 


LDD 
3 
Op Code Address 
+ 2 
1 
Operand 
Data 
(Low 
Order 
Byte) 


CPX 
4 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 
ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Data 
(Low 
Order 
Byte) 


4 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
3 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
AND 
ORA 
3 
Address 
of Operand 
1 
Operand 
Data 


BIT 
SBC 


CMP 
SUB 


STA 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Destination 
Address 


3 
Destination 
Address 
0 
Data from 
Accumulator 


LOS 
4 
1 
Op Code 
Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 


LDD 
3 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 


4 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
4 
1 
Op Code Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
STD 
3 
Address 
of Operand 
0 
Register 
Data 
(High Order 
Byte) 


4 
Address 
of Operand 
+ 1 
0 
Register 
Data 
(Low 
Order 
Byte I 


CPX 
5 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
ADDD 
3 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


4 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
5 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant Data 


3 
Subroutine 
Address 
1 
First Subroutine 
Op Code 


4 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


5 
Stack 
Pointer 
+ 1 
0 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Op Code 
Address 
, 
Op Code 


ADD 
LDA 
2 
Op Code 
Address 
+ 1 
1 
Offset 


AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vec'or 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LDS 
5 
1 
Op Code Address 
1 
Op Code 


LDX 
2 
Op Code 
Address 
+ , 
1 
Offset 


LDD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code Add ress 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Offset 
STD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code 
Address 
, 
Op Code 


ASR 
NEG 
2 
Op Code 
Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 
COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current 
Operand 
Data 
DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
INC 
6 
Index 
Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Offset 


ADDD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
+ Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
First 
Subroutine 
Op Code 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Jump 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


AND ORA 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
I Destination 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from 
Accumulator 


LOS 
5 
1 
Op Code 
Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


LDD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte I 


STS 
5 
1 
Op Code 
Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


STD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


CLR 
ROL 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


COM 
ROR 
4 
Address 
of Operand 
1" 
Current 
Operand 
Data 


DEC 
TST· 
5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


INC 
6 
Address 
of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Address 
(High Order 
Byte) 


ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Address 
of Subroutine 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next 
Instruction 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 
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ABA 
DAA 
SEC 
2 
1 
Op Code 
Address 
1 
Op Code 
ASL 
DEC 
SEI 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM SBA 


ABX 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ASLD 
3 
1 
Op Code 
Address 
1 
Op Code 
LSRD 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


DES 
3 
1 
Op Code 
Address 
1 
Op Code 
INS 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Previous 
Register 
Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Op Code 
Address 
1 
Op Code 
DEX 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PSHA 
3 
1 
Op Code 
Address 
1 
Op Code 
PSHB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Op Code 
Add ress 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PULA 
4 
1 
Op Code 
Address 
1 
Op Code 
PULB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Operand 
Data from 
Stack 


PSHX 
4 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
0 
Index 
Register 
(Low 
Order 
Byte) 


4 
Stack 
Pointer 
- 1 
0 
Index 
RegISter 
(High Order 
Byte) 


PULX 
5 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
- 1 
1 
Index 
Register 
(High Order 
Byte) 
5 
Stack 
Pointer 
+2 
1 
Index 
Register 
(Low 
Order 
Byte) 
RTS 
5 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Address 
of Next 
Instruction 
(High Order 
Byte) 
5 
Stack 
Pointer 
+ 2 
1 
Address 
of Next 
Instruction 


(Low Order 
Byte) 


WAI" 
9 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 
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Address 
Mode & 
Cycles. 
Cycle 
Address 
Bus 
RIW 
Data 
Bus 
Instruetions 
tt 
Line 


WAI** 
5 
Stack 
Pointer 
- 
2 
0 
Index 
Register 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 
3 
0 
Index 
Register 
(High Order 
Byte) 


7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
S!ack 
Pointer 
- 
5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer 
- 
6 
0 
Contents 
of Condo Code 
Register 


MUL 
10 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


7 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


8 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


9 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


10 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


RTI 
10 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Contents 
of Condo Code 
Reg. 


from 
Stack 


5 
Stack 
Pointer 
+ 2 
1 
Contents 
of Accumulator 
B 


from 
Stack 


6 
Stack 
Pointer 
+ 3 
1 
Contents 
of Accumulator 
A 


from 
Stack 


7 
Stack 
Pointer 
+ 4 
1 
Index 
Register 
from 
Stack 


(High Order 
By tel 
8 
Stack 
Pointer 
+ 5 
1 
Index 
Register 
from 
Stack 


(Low Order 
Byte) 


9 
Stack 
Pointer 
+ 6 
1 
Next 
Instruction 
Address 
from 


Stack 
(High Order 
Byte) 


10 
Stack 
Pointer 
+ 7 
1 
Next 
Instruction 
Address 
from 


Stack 
(Low Order 
Byte) 


SWI 
12 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


5 
Stack 
Pointer 
- 
2 
0 
Index-Register 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 
3 
0 
Index 
Register 
(High Order 
Byte) 


7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer 
- 
5 
0 
Contents 
of Accumu 
lator 
B 


9 
Stack 
Pointer 
- 6 
0 
Contents 
of Cond. 
Code 
Register 


10 
Stack 
Pointer 
- 
7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
(Hex) 
1 
Address 
of Subroutine 
(High Order 
Byte) 


12 
Vector 
Address 
FFFB 
(He,) 
1 
Address 
of Subroutine 


(Low Order 
Byte) 


··While 
the 
MCU is in the "Wait" 
state, 
its bus state 
will appear as a series of 
MCU reads of an address 
which 
is seven 
locations 
less than the 
original contents of the Stack Pointer. Contrary to the HD6800. 
none of the ports are driven to the high Impedance state bv a WAI 
ins- 
truction. 
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BCC BHT BNE 
3 


I 


1 
Op Code Address 
1 
Op Code 


BCS BlE 
BPl 
2 
Op Code Address + 1 
1 
Branch Offset 


BEQ BlS 
BRA 
3 
Address Bus FFFF 
1 
low Byte of Restart Vector 
BGE BlT 
BVC 
BGT BMT BVS 
BRN 
.-- - 


BSR 
6 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address + 1 
1 
Branch Offset 
3 
Address Bus FFFF 
1 
low Byte of Restart Vector 


4 
Subroutine Starting Address 
1 
Op Code of Next Instruction 


5 
Stack Pointer 
a 
Return Address (low Order Byte) 


6 
Stack Pointer - 1 
a 
Return Address (High Order Byte) 


• 
Summary 
of Undefined 
I nrtruetion 
Operations 


The HD680 IS has 36 undefmed instructions. When these are 
carried 
out, 
the contents 
of Register and Memory in MCU 
change at random. 


When the op codes (4E, SE) are used to execute, the MCU 


continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 


HD6801S 
MICROCOMPUTER INSTRUCTIONS 


OP 
ACC 
ACC 
ACCA orSP 
ACCB or X 


CODE 
A 
B 
IND 
EXT 
IMM 1 DIR 
IIND 
1 EXT 
IMM 
1 DIR 
IIND 
I EXT 


~ 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 1100111010 
11011 
1100111011111011111 


0 
1 
2 
3 
4 
5 
6 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
0 
I 
ElF 
סס oo 
0 
------ 
SBA 
8RA 
TSX 
NEG 
SUB 
0 


0001 
1 
NOP 
CBA 
BRN 
INS -- 


CMP 
1 


0010 
2 ---- 
---- 


BHI 
PULA 
(+1) -- 


SBC 
2 


0011 
3 -- ---- 


BLS 
PULB 
(+1) 
COM 
· 


SUBD 1+2) 
· 


: 
ADDD 
1+21 
3 


0100 
4 
LSRD (+11 ...--- 
BCC 
DES 
LSR 
AND 
4 


0101 
5 
ASLD 
(+1) ...--- 
BCS 
TXS -- 


81T 
5 


0110 
6 
TAP 
TA8 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
8Ea 
PSHB 
ASR 
./"1 
STA 
~I 
STA 
7 


1000 
8 
INX 
(+1) --- 


BVC 
PULX 
(+21 
ASL 
EOR 
8 


1001 
9 
DEX 
(+11 
DAA 
BVS 
RTS 1+2) 
ROL 
ADC 
9 


1010 
A 
CLV 
...--- 
BPL 
A8X 
DEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
RTI (+7) -- 


ADD 
B 


1100 
C 
CLC 
...--- 
BGE 
PSHX 1+1) 
INC 
· 


: 
CPX (+2) 
· 


LDD (+1) 
C 


1101 
0 
SEC 
/' 
8LT 
MUL 
(+7) 
TST 
~~~I JSR 1+2) 
• (+1')1 
STDI+1) 
0 


1110 
E 
CLI 
~ 
BGT 
WAI 
(+61 
~ ..~ 
JMP (-31 
· 
: 
LOS 1+1) 
· 
LOX 1+11 
E 


1111 
F 
SEI 
...--- 
BLE 
SWI {+91 
CLR 
~ 1+111 
STS 1+11 
• (+111 
STX 1+1) 
F 


BYTE/CYCLE 
1/2 
1/2 
2/3 
1/3 
1/2 
1/2 
2/61 
3/6 
2/2 i 2/3 
1 2/4 
1 3/4 
2/2 I 2/3 I 2/4 
I 
3/4 


[NOTES] 
1) 
Undefined 
Op codes are marked with ~ 
. 


2) 
) indicate 
that 
the number 
in parenthesis 
must be added 
to the cycle 
count 
for that 
instruction. 


3) 
The instructions 
shown below are all 3 bytes and are marked with 
•••••. 


Immediate 
addressing mode of SUBD, CPX. LOS, ADDD. 
LOO and LOX instructions, 
and undefined 
op codes 
(8F, CD, CFI. 


4) 
The Op codes (4E, 5E) are 1 by te/- cycles instructions, 
and are marked with 
•••••• 
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IIJMj 
FFFC 
FFFO 


SWI 
FFFA 
FFFB 
IRQ, 
FFF8 
FFF9 


ICF 
FFF6 
FFF7 


OCF 
FFF4 
FFF5 


rOF 
FFF2 
FFF3 
SCI 
FFFO 
FFFI 


Non·Maskahle Interrupt 


Software 
Interrupt 


Maskable Interrupt 
Request 1 


Input Capture Interrupt 
Output Compare Interrupt 
Timer Overflow 
Interrupt 


SCt 
Interrupt 
(TORE 
+ RORF 
+ ORFE) 


H06801 
50,H06801 
55 


Vcc 
Vcc 


Enable 
Enable 


NMI 
NMI 


IRQ, 
VCC Siandbv 
Port 3 


8 Transfe. 
Lmes 


Pon 
1 
PO'll 
81/0 
SlIO 
Lones 
Lir'les 


POri 4 
POri 
2 
Pon 2 
Pon 4 
81/0 
Lines 
51/0 
L,nes 
51/0 
L,nes 
81/0 
L,nes 


sCI 
sCI 


Vss 
Vss 


• 
Caution 
for the HD6801 
Family 
SCI, TIMER 
Status 
Flag 


The 
flags 
shown 
in Table 
14 are cleared 
by reading/writing 
(flag 
reset 
condition 
2) the 
data 
register 
corresponding 
to each 


flag after 
reading 
the status 
register 
(flag reset condition 
1). 


To clear 
the flag correctly, 
take the following 
procedure: 
1. Read 
the status 
register 


2. Test the flag 
3. Read 
the data 
register 


Status 
Flag Reset 
Flag Reset 
Condition 
2 


Flag 
Condition 
1 
(Data 
Register) 
(Status 
Register) 


ICF 
When each flag is 
ICR/Read 


TIMER 
OCF 
"1", 
OCR/Write 


TOF 
TRCSR/Read 
TC/Read 


RDRF 
When each 
flag is 
RD~ 


SCI 
OR FE 
"1", 
Read 


TDRE 
TRCSR/Read 
TDR/Write 
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HD6801VO,HD6801V5 
MCU (Microcomputer Unit) 


The 
HD6801 
V MCV 
is an 8-bit 
microcomputer 
unit 
which 


is compatible 
with 
the 
HD6801s 
except 
the 
ROM 
size. 
The 


HD6801V 
MCV 
is object 
code 
compatible 
with 
the 
HD6800 


with 
improved 
execution 
times 
of key instructions 
plus several 


new 
16-bit 
and 
8-bit 
instructions 
including 
an 
8x8 
unsigned 


multiply 
with 
16-bit 
result. 
The 
HD680lV 
MCV can operate 
as 


a single 
chip 
microcomputer 
or be expanded 
to 65k bytes. 
The 


HD6801V 
MCV 
is TTL 
compatible 
and 
requires 
one 
+5.0 
volt 


power 
supply. 
The 
HD6801V 
MCV has 4k bytes 
of ROM 
and 


128 
bytes 
of 
RAM 
on 
chip. 
Serial 
Communications 
Interface 


(sCI), 
and parallel 
I/O as well as a three 
function 
16-bit 
timer. 


Features 
and 
Block 
diagram 
of 
the 
HD680lV 
include 
the 


following: 


• 
FEATURES 


• 
Expanded 
HMCS6BOO Instruction 
Set 


• 
B x B Multiply 


• 
On-Chip 
Serial Communication 
Interface 
(SCI) 


• 
Object 
Code 
Compatible 
With The 
HD6BOO MPU 


• 
16-Bit 
Timer 


• 
Single Chip Or Expandable 
To 65k 
Bytes 


• 
4k Bytes 
Of ROM 


• 
12B 
Bytes 
Of 
RAM 
(64 
Bytes 
Retainable 
On 
Power 


Down) 


• 
29 Parallel 
I/O Lines And 2 Handshake 
Control 
Lines 


• 
Internal 
Clock/Divided-By-Four 
Circuitry 


• 
TTL Compatible 
Inputs 
And Outputs 


• 
Interrupt 
Capability 


• 
Compatible 
with 
MC6BOl 
(except 
ROM size) 


P.o- 
P" 
p,,- 
P'l- 
Pu- 
Pu- 
p ••. -- 
p.,- 


Vss 
1 0 


XTAL 
Z 
sc, 


EXTAL 
3 
sc, 


NMI • 
P~ 


lAC. 
P" 


AES 
P" 


Vcc 
7 
P" 


P" 
8 
P" 


P" • 
P" 


PO' 10 
HD6801V 


1 P,. 


P" 
11 
P" 


P" 
12 
P~ 


P" 
13 
Z 
p•• 


P" 


" 


2 
p., 


P,: 
15 
P" 


P" 
16 
p•• 


P" 
17 
4 
POl 


P" 
18 
P~ 


P" 
" 
P" 


P" 
20 
1 Vcc Standby 


{Top View} 


MCU 


HD6801VO 


HD6801V5 


Bus Timing 


1 MHz 


1.25 MHz 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc . 
-0.3 - 
+7.0 
V 


Input Voltage 
Vin . 
-0.3 -+7.0 
V 


Operating Temperature 
Topr 
0 
-+70 
'c 


Storage Temperature 
TIIll 
- 55-+150 
'c 


• 
With 
respect 
to VSS (SYSTEM 
GND) 


[NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal operation 
should be under recommended 
operating 
conditions. 
It these conditions 
are exceeded, it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC =5.0V±5%. Vss = OV. Ta. 
0- 
+70'C. 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
Input "High" 
Voltage 


Other Inputs' 
V'H 
V 


2.0 
- 
Vcc 


EXTAL 
-0.3 
- 
0.6 


Input "Low" 
Voltage 


Other Inputs' 
V1L 
-0.3 
0.8 
V 
- 


P40 - 
p.? 
- 
- 
0.5 


Input Load Current 
SCt 
II;nl 


V;n = 0- 
2.4V 
0.8 
mA 
- 
- 
EXTAL 
V;n = 0- 
Vcc 
- 
- 
1.2 


Input Leakage Current 
NMI, IRQ" 
RES 
II;nl 
V;n = 0 - 
5.25V 
- 
- 
2.5 
IJA 


Three State (Offset) 
p.n - 
p". 
P,o - 
P3? 
- 
- 
10 


Leakage Current 
P,o - 
p,. 
IITSd 
V;n = 0.5 - 
2.4V 
- 
- 
100 
IJA 


P3Q- 
P3? 
I cOAO = -2051JA 
2.4 
- 
- 


Output 
"High" 
Voltage 
P40 - 
p.?, E. SC" 
SC, 
VOH 
I LOAD = -1451JA 
2.4 
- 
- 
V 


Other Outputs 
I LOAD = -100 IJA 
2.4 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
ILDAD = 1.6 mA 
- 
- 
0.5 
V 


Darlington 
Drive Current 
PIQ- 
P,? 
-loH 
Vout=1.5V 
1.0 
- 
10.0 
mA 


Power Dissipation 
Po 
- 
- 
1200 
mW 


Input Capacitance 
P3Q- 
p3?, P40 - 
p.?, SC, 
V;n = OV, Ta = 25'C. 
- 
- 
12.5 


Other Inputs 
Gin 
f=1.0MHz 
10.0 
pF 
- 
- 


Vcc Standby 


Powerdown 
VSBB 
4.0 
- 
5.25 
V 
Operating 
VSB 
4.75 
- 
5.25 


Standby Current 
Powerdown 
ISBB 
VSBB 
= 4.0 V 
- 
- 
8.0 
mA 
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• 
AC CHARACTERISTICS 


BUS TIMING 
(Vcc· 
5.0V±5%. 
Vss -= OV. Ta· 
0 - 
+70°C, 
unless 
otherwise 
noted.) 


Symbol 
Test Condition 
HD6801VO 
HD6801V5 
Unit 
Item 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tCYC 
1 
- 
10 
0.8 
- 
10 
IlS 


Address 
Strobe 
Pulse Width "High" 
* 
PWA5H 
200 
- 
- 
150 
- 
- 
ns 


Address 
Strobe 
Rise Time 
tAsr 
5 
- 
50 
5 
- 
50 
ns 


Address 
Strobe 
Fall Time 
tAst 
5 
- 
50 
5 
- 
50 
ns 


Address 
Strobe 
Delay Time * 
tASD 
60 
- 
- 
30 
- 
- 
ns 


Enable 
Rise Time 
tE, 
5 
- 
50 
5 
- 
50 
ns 


Enable 
Fall Time 
tEf 
5 
- 
50 
5 
- 
50 
ns 


Enable 
Pulse Width "High" 
Time * 
PWEH 
450 
- 
- 
340 
- 
- 
ns 


Enable 
Pulse Width "Low" 
Time * 
PWEL 
450 
- 
- 
350 
- 
- 
ns 


Address 
Strobe 
to Enable 
Delay Time 
* 
lASED 
60 
- 
- 
30 
- 
- 
ns 


Address 
Delay Time 
tAD 
Fig. 1 
- 
- 
260 
- 
- 
260 
ns 


Address 
Delay Time for Latch * 
tADL 
Fig.2 
- 
- 
270 
- 
- 
260 
ns 


Data Set-up Write Time 
tosw 
225 
- 
- 
115 
- 
- 
ns 


Data Set·up 
Read Time 
tOSR 
80 
- 
- 
80 
- 
- 
ns 


I 
Read 
tHA 
10 
- 
- 
10 
- 
- 


Data Hold Time 
ns 


I 
Write 
tHw 
20 
- 
- 
20 
- 
- 


Address 
Set-up Time for Latch * 
tASL 
60 
- 
- 
50 
- 
- 
ns 


Address 
Hold Time for Latch 
tAHL 
20 
- 
- 
20 
- 
- 
ns 


Address 
Hold Time 
tAH 
20 
- 
- 
20 
- 
- 
ns 


Peripheral 
Read 
I 
Non·Multiplexed 
Bus" 
(tACCN) 
- 
- 
(610) 
- 
- 
14101 
ns 
Access Time 
I 
Multiplexed 
Bus" 
(tACCM) 
- 
- 
(600) 
- 
- 
(410) 


Oscillator 
stabilization 
Time 
tAC 
Fig. 10 
100 
- 
- 
100 
- 
- 
ms 


Processor 
Control 
Set-up Time 
tpcs 
Fig. 11 
200 
- 
- 
200 
- 
- 
ns 
, 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Peripheral 
Data Setup 
Time 
Port 
1,2,3,4 
tPD5U 
Fig.3 
200 
- 
- 
ns 


Peripheral 
Data 
Hold Time 
Port 
I, 2, 3, 4 
tpDH 
Fig.3 
200 
- 
- 
ns 


Delay 
Time, 
Enable 
Positive 
Transition 
t05D1 
Fig. 5 
350 
to 053 Negative 
Transition 
- 
- 
ns 


Delay 
Time, 
Enable 
Positive 
Transition 
t05D2 
Fig. 5 
350 
to 053 Positive 
Transition 
- 
- 
ns 


Delay 
Time, 
Enable 
Negative 


Transition 
to Peripheral 
Data 
Port 
1, 2*,3,4 
tpwD 
Fig.4 
- 
- 
400 
ns 


Valid 


Delay 
Time, 
Enable 
Negative 
" 
Transition 
to Peripheral 
Port 
2*", 
4 
tCMOS 
Fig.4 
- 
- 
2.0 
Ils 
CMOS Data 
Valid 


Input 
Strobe 
Pulse Width 
tpWIS 
Fig. 6 
200 
- 
- 
ns 


Input 
Data 
Hold Time 
port 
3 
t'H 
f'ig.6 
50 
- 
- 
ns 


Input 
Data Set-up 
Time 
I Port 3 
tiS 
Fig.6 
20 
- 
- 
ns 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Timer 
Input 
Pulse Width 
tpwT 
2tcyc+2OO 
- 
- 
ns 


Delay 
Time, 
Enable 
Positive 
Transition 
to 
tTOO 
Fig. 7 
- 
- 
600 
ns 
Timer 
Out 


SCI Input 
Clock 
Cycle 
tScvc 
1 
- 
- 
!eve 


SCI Input 
Clock 
Pulse Width 
tpWSCK 
0.4 
- 
0.6 
tScyc 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Mode 
Programming 
Input 
"Low" 
Voltage 
VMPL 
- 
- 
1.7 
V 


Mode Programming 
Input 
"High" 
Voltage 
VMPH 
4.0 
- 
- 
V 


RES "Low" 
Pulse Width 
PWRSTL 
Fig. 8 
3.0 
- 
- 
teye 


Mode Programming 
Set-up 
Time 
tMPs 
2.0 
- 
- 
teye 


Mode Programming 
I RES Rise Time 
~ 
1/-Ls 
0 
- 
- 


tMPH 
ns 
Hold Time 
I RES Rise Time < 1/-Ls 
100 
- 
- 


MCU Read 
00-0,. 
Ao-A, 
(Port 3) 


2.2V 
Address 
Valid 
0.6V 


MCU Write 
°o-D.,.Ao-A., 


(Port 
31 


2.2V 
A.ddress 
ValId 
0.6V 
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teye 


Enable 
PWEH 


lEI 
PWEL 


O.SV 


'E, 


tAD 
'AH 


~Ji/~port41 
R 
(Se. 
Address 
Valid 
InS 
(Se,) 


tDSW 
t_ 


MCU Write 
2.2V 


0.-0, 
IPort3i 
O.6V 


I1ACCNI 


MeV R~ad 
2.0'11 


0.-0, 
D.c. V.lld 


(Port 3) 
0.8V 


Figure 2 Expanded Non-Multiplexed 
Bus Timing 


p •• -P" 
Pu - PH 
p•• - PH 
Inpuu 


PM 
- 
Pn 
Inpuu- 


Figure 3 
Data Set-up and Hold Times, 
(MCU Read) 


-\r'OSOl~ 
o.8v~ 
f<·<v 


• Access matches Output Strobe Select (055 :: 0 a read' 
ass = 1, a write) 
, 
. 


Figure 5 
Port 3 Output 
Strobe Timing 


(Single Chip Mode) 


rMCUWrite 


Enabl.(E)~ 
O.SV 


t 


CMOS1} 
tpwo 
" 
- --- 
0.7 Vee 
6:;~O.t. V.lid 


(Notel 
1. 
10 kn 
Pullup 
resistor 
required 
for Port 
2 to reach 0.7 VCC 
2. Not applicable to P 
I 
3. Port 4 cannot be pulled above Vcc 


Figure 4 
Port Data Delay Timing 
(MCU Write) 


Figure 6 
Port 3 Latch Timing 
(Single Chip Mode) 
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• 
Reset (RES) 
This input is used to reset and start the CPU from a power 
down condition, 
resulting from a power failure or an initial 
startup 
of the processor. On power up, the reset must be held 
"Low" 
for at least 100 ms. When reset during operation, 
RES 
must be held "Low" at least 3 clock cycles . 


When a "High" level is detected, the MCU does the follow- 
ing: 
I) All the higher order address lines will be forced "High". 
2) I/O Port 2 bits 2, I, and 0 are latched into programmed 


control bits PC2, PCI and PCO. 
3) The last two ($FFFE, 
$FFFF) 
locations in memory will 
be used to load the program addressed by the program 
counter. 


4) The interrupt 
mask bit is set. Clear before 
the CPU can 
recognize maskable interrupts. 


• 
Enable (E) 
This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide-by-4 result of the crystal 
oscillator 
frequency. 
It will drive one TTL load and 90 pF 
capacitance. 


• 
Non·Maskable Interrupt 
(NMI) 
A low·going edge on this input requests that a non.maskable- 


interrupt 
sequence be generated within the processor. As with 


interrupt Request signal, the processor will complete the current 
instruction 
that is being executed before it recognizes the NMI 
signal. The interrupt 
mask bit in the Condition Code Register 
has no effect on NMI. 


In response to an NMI interrupt, 
the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the 
CPU to branch to a non-maskable 
interrupt 
service routine in memory. 


A 3.3 
kn 
external 
resistor 
to 
Vcc 
should 
be used for 


wire-OR and optimum control of interrupts. 


Inputs IRQ. 
and NMI are hardware interrupt 
lines that are 


~pled 
during E and will start the interrupt 
routine 
on the 


E following the completion of an instruction. 


• 
Interrupt 
Request (lRQl) 
This level sensitiv~ input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the current instruction 
before it recognizes the request. At that 


time, if the interrupt 
mask bit in the Condition Code Register 
is not set, the machine will begin an interrupt 
sequence. The 
Index Register, Program Counter, Accumulators, and Condition 
Code Register are stored on the stack. Next the CPU will res- 
pond to the interrupt request by setting the interrupt 
mask bit 
"High" so that no further maskable interrupts 
may occur. At 
the end of the cycle, a 16-bit address will be loaded that points 
to a vectoring address which is located in memory locations 
$FFF8 and $FFF9. An address loaded at these locations causes 
the CPU to branch to an interru pt rou tine in memory. 


The IRQ. 
requires a 3.3 kn external resistor to VCC which 
should be used for wire-OR and optimum control ofinte~ts. 
Internal 
Interrupts 
will use an internal interrupt 
line (IRQ.). 
This interrupt 
will operate the same as IRQ 1 except that it will 
use the vector address of $FFFO through $FFF7. 
IRQ. 
will 


have priority 
over IRQ. 
if both occur at the same time. The 
Interrupt 
Mask Bit in the condition 
code register masks both 
interrupts (See Table I). 
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• 
Vcc and Vss 
These two pins are used to supply power and ground to the 


chip. The voltage supplied will be +5 volts ±5%. 
• 
XTAL 
and EXTAL 


These connections 
are for a parallel resonant fundamental 


crystal, 
AT cut. 
Divide-by-4 
circuitry 
is included 
with the 


internal 
clock, so a 4 MHz crystal may be used to run the 


syltem at I MHz. The divide-by-4 circuitry allows for use of the 
l11expensive 3.58 MHz Color TV crystal for non·time critical 
applications. 
Two 22pF 
capacitors 
are needed 
from the two 


crystal pins to ground to insure reliable operation. 
An example 


of the crystal interface is shown in Fig. 12. EXTAL may be 
driven by an external TTL compatible clock source with a 45% 
to 55% duty cycle. It will divide by 4 any frequency less than or 
equal to 5 MHz. XTAL must be grounded if an external clock is 
used. 


7 pF max. 


6Onmax. 


4.7 pF max. 


JOn 
tvP. 


{Note] 
These are representative 
AT cut parelle' resonance 
crystltJ parameters. 


• 
Vcc 
Standby 
This pin will supply +5 volts ±5% to the standby RAM on the 


chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current 
max. The circuit of figure 13 


can be utilized to assure that Vcc Standby does not go below 
VSBB during power down. 
To retain information 
in the RAM during power down the 


following procedure is necessary: 
I) Write "0" into the RAM enable bit, RAME. RAME is bit 


6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc 
Standby greater than VSBB. 


iPowerLine 


J 


• 
I/O Port 2 
This port has five lines that may be defined as inputs or 


outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "I" 
and less than 0.8 V for a logic "0". As outputs, this 


port has no internal pullup resistors but will drive TTL inputs 
directly_ For driving CMOS inputs, external pullup resistors are 
required. 
After 
Reset, the I/O lines are configured 
as inputs. 


Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB's (bits 7 6 
and 5) of Port 2 which are read only. This is explained in ~h~ 
Mode Selection Section. 
In all three modes, Port 2 can be configured 
as I/O and 


provides access to the Serial Communications 
Interface and the 


Timer. Bit I is the only pin restricted to data input or Timer 
output. 
• 
I/O Port 3 
This is an 8·bit port that can be configured as I/O, a data bus, 


or an address bus multiplexed with the data bus - depending on 
the mode of operation 
hardware programmed 
by the user at 


reset. As a data bus, Port 3 is bi-directional. 
As an input for 


peripherals, 
it must 
be supplied regular TTL levels, that is, 


greater than 2.0 V for a logic "I" 
and less than 0.8 V for a logic 


"0" 
~HITACHI 
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Highest 
Priority 


Vector 
Interrupt 


M5B 
L5B 


FFFE 
FFFF 
RE5 


FFFC 
FFFO 
NMI 


FFFA 
FFFB 
Software Interrupt (SWI) 


FFF8 
FFF9 
IRQ, 
(or 153) 


FFF6 
FFF7 
ICF 
(Input 
Capture) 


FFF4 
FFF5 
OCF (Output Compare) 


FFF2 
FFF3 
TOF (Timer Overflow) 


FFFO 
FFF1 
5C, 
(RORF + ORFE + TORE) 


The follOWingpins are available in the Single Chip Mode, and 


are associated with Port 3 only. 


• 
Input Strobe (lS3) (SC, ) 
The lunction 
of the IS3 signal depends on the I/O Port 3 


Control/Status 
Register. If IS3 Enable bit is set, an interrupt 


will occur by the fall of the IS3 signal. If the latch enable bit is 
set, the data in the I/O Port 3 will be latched at the I/O Port 3 
Data Register. The timing condition 
of the IS3 signal that is 
necessary to be latched 
the input data normally is shown in 


Figure 6. 


• 
Output Strobe (OS3) (SC2) 
This signal is used by the processor to strobe an external 


device, indicating valid data is on the I/O pins. The timing for 
the Output 
Strobe is shown in Figure 5. I/O Port 3 Control/ 
Status Register is discussed in the following section. 


• 
ReadlWrite (RfW) (SC2) 
This TTL compatible 
output 
signals the 
peripherals 
and 


memory devices whether the CPU is in a Read ("High") 
or a 


Write ("Low") 
state. The normal standby state of this signal is 


Read ("High"). 
This output can drive one TTL load and 90 pF 


capacitance. 


• 
I/O Strobe (lOS) (SCI) 
In the expanded 
non-multiplexed 
mode of operation, 
IOS 


internally decodes A9 through AI, as zero's and As as a one. 
This allows external access of the 256 locations from $0100 to 
$0 IFF. The timing diagrams are shown as figure 2. 


• 
Address Strobe (AS) (SCI) 
In the expanded 
multiplexed 
mode of operation, 
address 


strobe is output 
on this pin_ This signal is used to latch the 8 


LSB's of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction 
with Address Strobe, 
as 


shown in figure 19. So I/O port 3 can become data bus during 
the E pulse. The timing for this signal is shown in Figure I of 
Bus Timing. This signal is also used to disable the address from 
the multiplexed 
bus allowing a deselect time, tASD before the 


data is enabled to the bus. 


• 
PORTS 
There are four I/O ports on the HD680lV 
MCV; three 8-bit 


ports and one 5·bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
prograrruned to act as an input or an output*' 
A "I" 
in the 


corresponding 
Data Direction Register bit will cause that I/O 


line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port 
I, Port 2, Port 3, and Port 4. Their addresses 


and the addresses of their Data Direction registers are given in 
Table 2. 


Ports 
Port Address 
Data Direction 
Register 
Address 


I/O Port 1 
$0002 
$0000 


I/O Port 2 
$0003 
$0001 


I/O Port 3 
$0006 
$0004 


I/O Port 4 
$0007 
$0005 


• 
I/O Port 1 
This is an 8-bit port whose individual bits may be defined as 


inputs or outputs by the corresponding bit in its data direction 
register. 
The 
8 
output 
buffers 
have 
three·state 
capability, 


allowing 
them 
to 
enter 
a high impedance 
state 
when 
the 


peripheral 
data lines are used as inputs. In order to be read 


properly, the voltage on the input lines must be greater than 2.0 
V for a logic "I" 
and less than 0.8 V for a logic "0". As out- 


puts these lines Ire TTL compatible 
and may also be used as. 


a source of up to I mA at 1.5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port I is always parallel I/O. 


Its TTL compatible 
three-state 
output 
buffers 
can 
drive 


one TTL load and 90 pF capacitance. 
In the Expanded Modes, 
after reset, the data direction register is inhibited and data flow 
depends on the state of the R/W line. The input strobe (IS3) 
and the output strobe (OS3) used for handshaking are explained 
later. 


In the three modes, Port 3 assumes the following charac- 


teristics: 


Single Chip Mode: Parallel Inputs/Outputs 
as programmed by 


its associated 
Data Direction 
Register. There are two control 


lines associated with this port in this mode, an input strobe and 
an output 
strobe, that can be used for handshaking. They are 


controlled by the I/O Port 3 Control/Status 
Register explained 


at the end of this section. Three options of Port 3 operations 
are sumarized as follows: (I) Port 3 input data can be latched 
using IS3 (SCI) as a cOHtrol signal, (2) OS3 can be generated by 
either an CPU read or write to Port 3's Data Register, and (3) 
and IRQ I interrupt can be enabled by an IS3 negative edge. 
Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. 


Expanded 
Non-Multiplexed 
Mode: 
In this mode, 
Port 
3 
becomes the data bus (Do-D,). 
Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (Do-D,) 
and lower bits of the address bus 
(Ao-A,). 
An address strobe output is true when the address is 


on the port. 


153 
X 
a55 
LATCH 
X 
X 
X 


153 
IRQ, 


FLAG 
ENABLE 
ENABLE 


Bit 0; 
Not used. 
Bit I; 
Not used. 
Bit 2; 
Not used. 
Bit 3; 
LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set "High" 
the input data will be 


latched with the falling edge of the Input Strobe, IS3. 
This bit is cleared by reset, and the latch is "re-opened" 
with CPU read Port 3. 


Bit 4; 
OSS. (Output 
Strobe Select) This bit will select if the 
Output 
Strobe should be generated at OS3 (SC,) by a 


write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write to Port 3. 


Bit 5; 
Not used. 
Bit 6; 
IS3 IRQI ENABLE. When set, interrupt will be enabled 
whenever 
IS3 FLAG 
is set; when 
clear, interrupt 
is 


inhibited. This bit is cleared by reset. 


Bit 7; 
IS3 FLAG. This is a read-only status bit that is set by 
the falling edge of the input strobe, 
IS3 (SCI)' It is 


cleared by a read of the Control/Status 
Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 


• 
I/O Port 4 
This is an 8-bit port 
that can be configured as I/O or as 


address output 
lines depending on the mode of operation. 
In 


order to be read properly. the voltage on the input lines must 
be greater than 2.0 V for a logic "I" 
and less than 0.8 V for a 
logic "0". 


As outputs, each line is TTL compatible and can drive I TTL 


load and 90 pF capacitance. After reset, the lines are configured 
as inputs. To use the pins as addresses, therefore, they should be 
programmed as outputs. 
In the three modes, Port 4 assumes the 


following characteristics: 
Single Chip Mode: Parallel Inputs/Outputs 
as programmed by 


its associated Data Direction Register. 


Expanded 
Non-Multiplexed 
Mode: Port 4 is configured 
as 


the lower order address lines (Ao - A,) 
by writing "I "s to the 
data direction register. When all eight address lines are not need- 
ed, the remaining lines, starting with the most significant bit, 
may be used as I/O (inputs only). 


Expanded 
Multiplexed 
Mode: Port 4 is configured 
as the 


higher order address lines (A. 
- 
A,,) 
by writing ''l''s 
to the 
data 
direction 
register. 
When all eight address lines are not 
needed, the remaining lines, starting with the most significant 
bit, may be used as I/O (inputs only). 


• 
OPERATION 
MODES 
The operation modes that HD680 IV will operate after Reset 


is determined by hardware that the user must wire on pins 10, 
9. and 8 of the chip. These pins are the three LSB's (I/O 2, I/O 
I, and I/O 0 respectively) 
of Port 
2. They are latched into 


programmed control 
bits PC2. PCI, and PCO when reset goes 


high. I/O POr-!2 Register is shown below. 


PORT 2 
DATA 
REGISTER 


An example of external 
hardware 
that could be used for 
Mode Seiection is shown in Fig 14. The HDl4053B 
provides 


the isolation 
between 
the peripheral 
device and MCU during 
reset. which is necessary if data conflict 
can occur between 
peripheral device and Mode generation circuit. 


As bits 5, 6 and 7 of Port 2 are read-only, the mode cannot 
be changed througll software. The mode selections are shown in 
Table 3. 
The HD680 IV can operate three basic modes; (1) Single Chip 
Mode. 
(2) 
Expanded 
Multiplexed 
Mode 
(compatible 
with 
HMCS6800 peripheral family) (3) Expanded 
Non-Multiplexed 
Mode. 


• 
Single Chip Mode 
In the Single Chip Mode the Ports are configured 
as I/O. 


This is shown in Figure 
16 the single Chip Mode. In this 


mode, Port 3 will have two associated control 
lines, an input 
strobe and an output strobe for handshaking data. 


• 
Expanded 
Non-Multiplexed 
Mode 


In this mode the HD680lV 
will directly address HMCS6800 


peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the Ao-A, 
address bus or partial 
address and I/O (inputs only). Port 2 can be parallel I/O. serial 
I/O. Timer, or any combination 
of them. Port I is parallel I/O 


only. In this mode the HD6801V 
is expandable 
to 256 loca- 
tions. The eight address lines associated with Port 4 may be 
substituted 
for I/O (inputs only) if a fewer number of address 


lines will satisfy the application (See Figure 17). 
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R 


Al 
R1 
R, 
6 
RES 
T T T 
A 
B 
C 
HD6801V 
Xo 


8 
Yo 
X 
P" 
(PCO) 


...-- 
Zo 
9 
P" 
(PC1I 
Y 
10 
P" 
(PC21 
X, 
Z 


Y, 


Z, 


Inh 
HD14053B 


C 
Mode 
~ 
??? 
Control 
~ 
Switch 


[NOTES] 
1) Mode 7 as shown 
2) 
RC:::l$Reset time constant 
3) 
R,=10kn 


Control Input 
On Switch 
Select 
Inhibit 
C 
B 
A 
HD140538 


0 
0 
0 
0 
Zo Yo X. 


0 
0 
0 
1 
Zo Yo XI 


0 
0 
1 
0 
20 VI X. 


0 
0 
1 
1 
Zo VI XI 


0 
1 
0 
0 
ZI 
Yo X. 


0 
1 
0 
1 
ZI 
Yo X, 


0 
1 
1 
0 
Z,VI 
X. 


0 
1 
1 
1 
Z. 
VI 
Xl 


1 
X 
X 
X 
- 


Binary 
to 1-of-2 
Decoder with 
Inhibit 


Port 2 
51/0 
Lines 


SCI 
Timer 


Port 2 
5 Parallel I/O 
SCI 
Timer 


Port 4 


To 8 Address 
Lines or To 
8 I/O Lines 
(Inputs Only) 


Figure 16 HD6801V MCU Single-Chip Mode 
Figure 17 HD6801V MCU Expanded Non·Multiplexed Mode 
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• 
Expanded Multiplexed Mode 
In this mode Port 4 becomes higher order address lines with 


an alternative of substituting some of the address lines for I/O 
(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated 
by an output called Address 
Strobe. 
Port 2 is 5 lines of Parallel I/O, SCI, Timer, or any 
combination 
of them. Port I is 8 Parallel I/O lines. In this mode 


it is expandable to 6Sk bytes. (See Figure 18). 


• 
Lower order Address Bus Latches 
Since the 
data 
bus is multiplexed 
with 
the lower order 


address bus in Port 3,latches 
are required to latch those address 
bits. The 74LS373 Transparent 
octal D-type latch can be used 


with the HD680lV 
to latch the least significant address byte. 
Figure 19 shows how to connect the latch to the HD680 IV. 
The output 
control 
to 
the 
74LS373 
may be connected 
to 
ground. 


R/W 
Port 3 


8 Lines 
Multiplexed 


Data/Address 


Address 
Strobe 


Port 2 
5 I/O Lines 
SCI 
Timer 


Port 4 


To 8 Address 
Lines or To 
8110 
Lines 
(Inputs Only) 


I 
G DC 
0, 
a, 


74LS373 


0, 
a, 
1,~,.,'.-', 


} 
0". 0. -0, 


Port 3 
[ 
Address/Data 
Output 
Enable 
Output 
Control 
G 
0 
a 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
a. 


H 
x 
X 
z 


This section gives a description of the MCU signals for the various modes. 
SC1 and SC2 are signals which vary with the mode 
that the chip is in. 


MODE 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
SC1 
SC2 
Eight Lines 
Five Lines 
Eight Lines 
Eight Lines 


SINGLE CHIP 
I/O 
I/O 
I/O 
I/O 
IS3 (I) 
OS3 (0) 


ADDRESS BUS 


EXPANDED MUX 
I/O 
I/O 
(Ao-A7) 
ADDRESS BUS· 
AS(O) 
R/W(O) 
DATA BUS 
(As-A,,) 
(00-07) 


EXPANDED NON-MUX 
I/O 
I/O 
DATA BUS 
ADDRESS BUS· 
10S(0) 
R!W(O) 
(00-07) 
(Ao-A7) 


-These 
lines can be substituted 
for 110 (Input 
Only) 
starting with the most significant address line. 
I :z Input 
~ 
'" Input Strobe 
SC = Strobe Control 
o ""Output 
053 
= Output 
Strobe 
AS::: Address Strobe 
RtW = ReadlWrite 
105 
= I/O Select 
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Mode 
P" 
P" 
P" 
ROM 
RAM 
Interrupt 
Bus 
Operating 


(PC2) 
(PC1) 
(PCO) 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUX(6) 
Multiplexed/Panial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI61 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
1121 
1(1) 
I 
I 
Single 
Chip Test 


3 
L 
H 
H 
E 
E 
E 
MUX 
Multiplexed/No 
RAM 
& ROM 


2 
L 
H 
L 
E 
I 
E 
MUX 
Multiplexed/RAM 


1 
L 
L 
H 
I 
I 
E 
MUX 
Multiplexed/RAM 
& ROM 


0 
L 
L 
L 
I 
I 
113) 
MUX 
Multiplexed 
Test 


LEGEND: 
I - Internal 


E - 
External 
MUX - 
Multiplexed 


NMUX 
- 
Non-Multiplexed 


l- 
Logic "0" 


H - 
Logic "1" 


(NOTES] 


1) Internal 
RAM 
is addressed at $XX80 
2) Internal 
ROM 
is disabled 


3) RES vector 
is external 
for 2 cycles 
after 
RES goes 
"High" 
41 Addresses 
associated 
with 
Ports 3 and 4 are considered 
external 
in Modes 
0, 


'.2, 
and 3 
5) Addresses 
associated 
with 
Port 3 are considered 
external 
in Modes 
5 and 6 
6) Port 4 default 
is user data input; address output 
is optional 
by writing 
to Port 4 
Data Direction 
Register 


• 
MEMORY 
MAPS 
The MCV can provide up to 65k bytes address space depend- 


ing on the operating mode. A memory map for each operating 
mode is shown in Figure 20. The fITst32 locations of each map 
are reserved for the MCV's internal register area, as shown in 
Table 4. With exceptions as indicated. 


• 
INTERRUPT 
FLOWCHART 
The Interrupt 
flowchart is depicted in Figure 24 and is com- 


mon to every interrupt excluding reset. 


Register 
Address 


Port 1 Data 
Direction 
Register··· 
00 


Port 2 Data 
Direction 
Register··· 
01 


Port 1 Data Register 
02 


Port 2 Data Register 
03 


Port 3 Data Direction 
Register··· 
04- 


Port 4 Data Direction 
Register··· 
OS-- 


Port 3 Data Register 
06- 


Port 4 Data Register 
07-- 


Timer 
Control 
and Status 
Register 
08 


Counter 
(High 
Byte) 
09 


Counter (low 
Byte) 
OA 


Output 
Compare 
Register 
(High 
Byte) 
OB 


Output Compare Register (Low Byte) 
OC 


Input 
Capture 
Register 
(High 
Byte) 
00 


Input 
Capture 
Register 
(Low 
Byte) 
OE 


Port 3 Control 
and Status 
Register 
OF- 


Rate and Mode Control 
Register 
10 


Transmit/Receive 
Control 
and Status 
Register 
11 


Receive 
Data Register 
12 


Transmit 
Data 
Register 
13 


RAM 
Control 
Register 
14 


Reserved 
1S-1F 


• E)(ternal address in Mode!...Q.,1,2,3, 
5, 6; cannOt be 


accessed in Mode 5 (No. 
IDS) 


•• 
External addressesin Modes 0,1,2,3 


••• 
1-0utput, 
O""lnput· 
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o 


Multiplexed 
Test mode 


$0000(1) 


Multiplexed/RAM 
& ROM 


$0000(1) 


$FFEF 


$FFFO 


$FFFF 


(NOTESI 


1) 
Excludes the following 
addresses which may 


be used exwnally: 
$04, $05, $06, $07 and $OF. 


2) 
Addresses $FFFE 
and $FFFF 
are considered 


external 
jf accessed within 
2 cycles alter a 


positive edge of RES and internal at all other 


times. 


3) 
After 
2 CPU cycles, there must be no over- 


lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 
4) 
This mode is the only mode which may be used 


to examine 
the 
interrupt 
vectors 
in internal 
ROM using an external 
Reset vector. 


[NOTES] 


1) 
Excludes the following 
addresses which may 


be used externally; 
$04. $05, $06, $07 and 


$OF. 
2) 
Internal 
ROM addresses $FFFO 
to $FFFF 
are 


not usable. 
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HD6801V 
Mode 2 


HD680lV 3 
Mode 


Multiplexed/RAM 


$0000(1) 


$FFFO 


$FFFF 
$FFFO 


$FFFF 
} 
External 
Interrupt 
Vectors 


[NOTE] 


1) 
Excludes the following 
addresses which may 


be used externally: 
$04, $05, $06, $07, and 


$OF. 


[NOTE] 


1) 
Excludes the following 
addresses which may 


be used externally: 
$04, $05, $06, $07 and 
$OF. 
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HD6801V4 
Mode 


Single Chip Test 


$0000 


$XX80 


$XXFF 
) 


Internal 
RAM 
Internal 
Interrupt 
Vectors 


(NOTES] 
1) The internal 
ROM is disabled. 
2) 
Mode 4 may be changed to Mode 5 without 


having to assert 
RESET 
by writing 
a "'" 
into 


the pea bit of Port 2 Data Register. 


31 Addresses 
AI to 
AI 
5 are treated 
as "don't 


cares" 
to decode 
internal 
RAM. 
41 Internal RAM will appear at $XX80 to $XXFF. 


5 


Non-Multiplexed/Partial 
Decode 


$000011> 


~) 
Internal 
Registers 


$oo'F~ 
Unusable 


) Internal 
RAM 


} 
External Memory Space 


(NOTES) 


11 Excludes the following 
addresseswhich may 


not be used externally: 
$04, $06. and $OF. 


(No 10SI 
21 This mode may be entered without 
going 


through RES by using Mode 4 and sub- 


sequently 
writing 
a "'" 
into the pea bit 01 


Port 2 Data Register. 
31 Address 
lines Ao -A, 
will not 
contain 
address· 


es until the Data Direction 
Register 
for Port 4 


has been written 
with 
"1's" 
in the appropriate 


bits. These address 
lines will assert 
"1's" 
until 


made outputs 
by writing 
the Data Direction 
Register. 
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Multiplexed/Partial 
Decode 


$00(011) 


HD6801V6 
Mode 


~a::~} 


$ 


008°8} 
.,,,, 
I 


Unusable 


[NOTES] 
1) 
Excludes the following 
address which may be 


used externally: 
$04, $06, $OF. 
2) 
Address 
lines A.-Au 
will not contain 


addresses until the Data Direction 
Register for 
Port 4 has been written 
with "l's" 
in the 


appropriate 
bits. These 
address 
lines will 


assert ""s" 
until made outputs 
by writing 
the 


Data Direction 
Register. 


HD6801V7 
Mode 
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• 
PROGRAMMABLE 
TIMER 


The HD680 IV contains 
an on-chip 
16-bit programmable 


timer which may be used to perform measurements on III inpout 
waveform while independently 
generating an output waveform. 


Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 
an 8-bit control and status register, 
a 16-bit free running counter, 
a 16-bit output compare register, and 
a 16-bit input capture register 


A block diagram of the timer registers is shown in Figure 21. 


• 
Free Running 
Counter 
($0009:$000A) 


The key element in the programmable timer is a 16-bit free 


running counter 
which is driven to increasing values by E (En- 


able). The counter 
value may be read by the CPU software at 


any time. The counter 
is cleared to zero by reset and may be 


considered a read-only register with one exception. Any CPU 
write to the counter's 
address ($09) will always result in preset 


value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended 
for 


testing operation 
of the part, 
but may be of value in some 


applications. 
• 
Output 
Compare 
Register ($OOOB:$OOOC) 


The Output Compare Register is a l6-bit read/write register 


which is used to control an output waveform. The contents of 
this register are constantly 
compared with the current value of 
the free running counter. 
When a match is found, a flag is set 


(OCF) in the Timer Control an<;lStatus Register (TCSR) and the 
current value of the Output 
Level bit (OLVL) in the TCSR is 


clocked 
to 
the 
Output 
Level Register. 
Providing 
the 
Data 


Direction Register for Port 2, Bit I contains a "I" 
(Output), 


the output level register value will appear on the pin for Port 2 


Bit 1. The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare 
value. The Output 
Compare 
Register is set to 


$FFFF 
during reset. The Compare 
function 
is inhibited 
for 


one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 
• 
Input 
Capture 
Register 
($OOOD:$OOOE) 


The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition 
of an external input signal occurs. The input 


transition 
change 
required 
to trigger the counter 
transfer 
is 


controlled by the input Edge bit (lEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should· 
be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 


The input pulse width must be at least two E-cycles to ensure 
an input capture under all conditions. 


• 
With Port 2 Bit 0 confIgured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 


• 
Timer Control 
and Status Register (TCSR) 
($0008) 


The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. 
The upper 
three bits contain read-only 


timer status information and indicate the followings: 


• a proper transition has taken place on the input pin with • 
subsequent 
transfer 
of the current 
counter 
value to the 
input capture register. 


• a match 
has been found between 
the value in the free 
running counter and the output compare register, and 


• when $סס oo is in the free running counter. 
Each of the flags may be enabled onto the HD680lV internal 
bus (IRQ.) 
with an individual Enable bit in the TCSR. If the 


Timer b7 
Control 
ICF OCF TOF 
And 


StiluS 
RegIster 
SOIl 


.--- 
, 


I 
Output 
Input 


Level 
Edge 


Bit 1 
Bit 0 
Port 2 
Pori 2 
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I·bit in the HD6801 V Condition Code Register has been cleared, 
a priority vectored interrupt will occur corresponding to the flag 
bites) set. A description for each bit follows: 
Bit 0 OLVL Output Level - This value is clocked to the output 


level register on a successful output compare. If 
the DDR for Port 
2 bit 
I is set, the value will 


appear on the outpu't pin. 


Bit I IEDG Input Edge - This bit controls which transition of 


an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
o must be clear for this function to operate. IEDG 
= 0 
Transfer 
takes 
place 
on 
a negative 
edge 


("High" ·to·"Low" transition). 
IEDG = I Transfer takes place on a positive edge 
("Low"·to."High" 
transition). 
Bit 2 ETOI 
Enable Timer Overflow Interrupt 
- When set, this 


bit enables IRQ, to occur on the intemal bus for a 
TOF 
interrupt; 
when 
clear the interrupt 
is in· 


hibited. 


Bit 3 EOCI Enable 
Output 
Compare 
Interrupt 
- 
When set, 


this bit enables IRQ, to appear on the internal bus 
for an output 
compare interrupt; 
when clear the 


interrupt is inhibited. 


Bit 4 EICI 
Enable Input Capture Interrupt 
- 
When set, this 


bit enables IRQ, to occur on the internal bus for 
an input capture interrupt; 
when clear the inter· 


rupt is inhibited. 


Bit 5 TOF 
Timer Overflow Flag - 
This read-only bit is set 


when the counter contains SFFFF. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
CPU read of the Counter (S09). 
Bit 6 OCF 
Output 
Compare Flag - 
This read-only bit is set 


when 
a 
match 
is found 
between 
the 
output 


compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or SOC). 


Bit 7 ICF 
Input Capture 
Flag - 
This read-only status bit is 


set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register (SOD). 


• 
SERIAL COMMUNICATION INTERFACE 
The HD680lV 
contains 
a full·duplex 
asynchronous 
serial 


communication 
interface (SCI) on chip. 
The controller 
com- 


prises a transmitter 
and a receiver which operate independently 


or each other but in the same data format and at the same data 
rate. 
Both 
transmitter 
and 
receiver communicate 
with the 


CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex· 
plained in the following paragraphs. 


• 
Wake-Up Feature 
In 
a 
typical 
multi-processor 
application, 
the 
software 


protocol will usually contain a destination 
address in the initial 


byte(s) of the message. In order to permit non·selected MCU's 
to ignore the remainder of the message, a wake·up feature is 
included 
whereby 
all further 
interrupt 
processing 
may 
be 


optionally 
inhibited 
until the beginning of the next message. 


When the next message appears, 
the hardware re-enables (or 


"wakes-up") 
for the 
next 
message. The "wake-up" 
is auto· 


matically 
triggered by a string of ten consecutive 
I's which 


indicates 
an idle transmit 
line. The software 
protocol 
must 


provide for the short idle period between any two consecutive 
messages. 


• 
Programmable Options 
The following features of the HD680 IV serial I/O section are 


programmable: 


· format - standard mark/space (NRZ) 
• Clock - external or internal 
• baud rate - one of 4 per given CPU ¢, clock frequency or 


external clock x8 input 
• wake-up feature - enabled or disabled 
• Interrupt 
requests 
- 
enabled or masked individually for 


transmitter and receiver data registers 


• clock output 
- 
internal clock enabled or disabled to Port 


2 (Bit 2) 
• Port 2 (bits 3 and 4) - dedicated or not dedicated to serial 


I/O individually for transmitter and receiver. 


• 
Serial Communication Hardware 
The serial communication 
hardware is controlled 
by 4 regis- 


ters as shown in Figure 22. The registers include: 


• an 8·bit control and status register 
• a 4·bit rate and mode control register (write only) 
• an 8-bit read only receive data register and 
• an 8-bit write only transmit data register. 
In addition to the four registers, the serial I/O section utilizes 


bit 3 (serial input) and bit 4 (serial output) 
of Port 2. Bit 2 of 


Port 2 is utilized if the internal·clock-out 
or external-clock-in 


options are selected . 


Transmit/Receive Control and Status (TRCS) Register 


The TRCS register consists of an 8·bi! register of which all 8 


bits may be read while only bits 0-4 
may be written. 
The 


register is initialized 
to 520 by reset. The bits in the TRCS 


register are defined as follows: 
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Rate and Mode Control 
Register 
Bit 0 


~$10 


Transmit/Receive 
Control 
and Status Register 


$11 


Bit 0 WU 
"Wake-up" on Next Message - 
set by HD680lV 


software 
and cleared by hardware on receipt of 


ten consecutive 
I's or reset of RE flag. It should 


be noted that RE flag should be set in advance of 
CPU set of WU flag. 
Bit I TE 
Transmit Enable - 
set by HD680lV 
to produce 


pream ble of nine consecutive 
I's and to enable 


gating 
of 
transmitter 
output 
to Port 
2, bit 4 


regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 
TE set should be after at least one bit time of data 
transmit 
rate from 
the 
set-up of transmit 
data 


rate and mode. 


Bit 2 TIE 
Transmit Interrupt 
Enable - when set, will permit 


an IRQ, interrupt 
to occur when bit 5 (TORE) is 


set; when clear, the TORE value is masked from 
the bus. 
Bit 3 RE 
Receiver Enable - when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 
Bit 4 RIE 
Receiver Interrupt 
Enable - when set, will permit 


an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt 
is 


masked. 
Bit 5 TORE 
Transmit Data Register Empty - set by hardware 
when a transfer 
is made from the transmit data 


register to the output 
shift register. The TORE bit 


is cleared 
by 
reading the 
status 
register, 
then 


writing a new byte into the transmit data register, 


TORE is initialized to I by reset. 


Bit 6 ORFE 
Over-Run-Framing 
Error - set by hardware when 
an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. 
A framing 
error has occurred when the byte boundaries in bit 
stream are not synchronized to bit counter. IfWU 
flag is set, the ORFE bit will not be set. The 
ORFE bit is cleared by reading the status register, 
then 
reading the 
Receive Data 
Register, 
or by 


reset. 


Bit 7 RORF 
Receiver Data Register Full - 
set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. If WU flag is set, 
the RDRF bit will not be set. The RDRF bit is 
cleared by reading the status register, then reading 
the Receive Data Register, or by reset. 


Rate and Mode Control Register 
The Rate and Mode Control register controls the following 
serial I/O variables; 


• Baud rate 
• format 
• clocking source, and 
• Port 2 bit 2 configuration 
The register consists of 4 bits all of which are write-only and 


cleared by reset. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal 
clocking and the remaining two bits control 
the 
format 
and clock 
select logic. The 
register definition 
is as 


follows; 
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Bit 0 
SSO} 


Bit I 
SS1 
Speed Select - These bits select the Baud rate for 
the internal clock. The four rates which may be 
selected 
are a function 
of the 
CPU 
q" 
clock 


frequency. Table 5 lists the available Baud rates. 


Bit 2 
CCO} Clock Control and Format Select - this 2·bit field 


Bit 3 
CC1 
controls the format and clock select logic. Table 6 
defines the bit field. 


XTAL 
2.4576 MHz 
4.0 MHz 
4.9152 MHz" 
SSl 
: SSO 
1.2288 MHz 
E 
614.4 kHz 
1.0 MHz 


0 
0 
E+ 16 
26 ~s/38,400 
8aud 
16 /lS/62,500 Baud 
13 ~s/76,800 Baud 


0 
1 
E + 128 
208/lS/4,800 
Baud 
128/lS/7812.5 
Baud 
104.2 /lS/9,600 Baud 


1 
0 
E + 1024 
1.67 ms/600 Baud 
1.024 ms/976.6 Baud 
833.3 ~s/1,200 Baud 


1 
1 
E +4096 
6.67 ms/150 Baud 
4.096 ms1244.1 Baud 
3.33 ms/300 Baud 


CC1:CCO 
Format 
Clock Source 
Port 2 Bit 2 
Port 2 Bit 3 
Port 2 Bit 4 


0 
0 
- 
- 
- 


0 
1 
NRZ 
Internal 
Not Used 
"" 
"" 
1 
0 
NRZ 
Internal 
Output" 
"" 
"" 
1 
1 
NRZ 
External 
Input 
"" 
"" 


Internally Generated Clock 


If the user wishes for the serial I/O to furnish a clock, the 


following requirements are applicable: 
• the values of RE and TE are immaterial. 
• CCI, CCOmust be set to 10 
• the maximum clock rate will be E + 16. 
• the clock will be at Ix the bit rate and will have a rising 


edge at mid·bit. 


Externally Generated Clock 


If the user wishes to provide an external clock for the serial 


I/O, the following requirements are applicable: 
• the CCI, CCO, field in the Rate and Mode Control Register 


must be set to II, 


• the external clock must be set to 8 times (x 8) the desired 


baud rate and 
• the maximum external clock frequency is 1.0 MHz. 


• 
Seriel Operations 
The 
serial 
I/O 
hardware 
should 
be 
initialized 
by 
the 


HD6801 V software 
prior 
to 
operation. 
This sequence 
will 


normally consist of; 
• writing the desired operation control bits to the Rate and 


Mode Control Register and 


• writing the desired operational control bits in the Transmit/ 


Receive Control and Status Register. 


The Transmitter 
Enable (TE) and Receiver Enable (RE) bits 


may be left set for dedicated operations. 


Transmit Operations 
The transmit 
operation 
is enabled by the TE bit in the 


Transmit/Receive 
Control 
and Status Register. This bit when 


set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional 
control over the Data Direction 


Register value for Port 2, Bit 4. 
FollOWing a RES the user should configure both the Rate 


and Mode Control Register and the Transmit/Receive 
Control 


and Status 
Register for desired operation. 
Setting the TE bit 


during 
this 
procedure 
initiates 
the 
serial 
output 
by 
first 


transmitting 
a nine-bit preamble of I's. Following the preamble, 


internal 
synchronization 
is established 
and 
the 
transmitter 


section is ready for operation. 


At this point one of two situation exist: 
I) if the Transmit 
Data Register is empty (TORE = I), a 
continuous 
string of ones will be sent indicating an idle 


line, Of, 
2) if data has been loaded into the Transmit Data Register 


(TORE = 0), the word is transferred to the output 
shift 


register and transmission of the data word will begin. 


During the data transmit, the 0 start bit is first transmitted. 


Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. 
When the Transmitter 
Data Register has 


been emptied, the hardware sets the TORE flag bit. 


If the HD680 IV fails to respond to the flag within the proper 


time, (TORE is still set when the next normal transfer from the 
parallel data register to the serial output 
register should occur) 


then 
a I will be sent (instead 
of a 0) at "Start" 
bit time, 


followed by more I's until more data is supplied to the data 
register. No O's will be sent while TORE remains a I. 
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Receive Operation 


The receive operation is enabled by the RE bit which gates in 


the serial input 
through 
Port 2 Bit 3. The receiver section 


operation 
is conditioned 
by the 
contents 
of the Transmit/ 


Receive Control 
and Status Register and the Rate and Mode 


Control Register. 


The receiver bit interval is divided into 8 sub-intervals for 


internal 
synchronization. 
In the NRZ Mode, the received bit 


stream is synchronized by the first 0 (space) encountered. 
The approximate 
center of each bit time is strobed during 


the next 10 bits. If the tenth bit is not a I (stop bit) a framing 
error is assumed, and bit OR FE is set. If the tenth bit as a I, the 
data is transferred 
to the Receive Data Register, and interrupt 


flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD680IV 
responds to either flag (RDRF or ORFE) by reading 


the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


• 
RAM CONTROL 
REGISTER 


This 
register, 
which 
is addressed 
at $0014, 
gives status 


information 
about the standby RAM. A 0 in the RAM enable 


bit (RAME) will disable the standby RAM, thereby protecting 
it at power down if Vcc 
Standby 
is held greater than VSBB 


volts, as explained previously in the signal description for Vcc 
Standby. 


Bit 0 
Not used. 
Bit I 
Not used. 
Bit 2 
Not used. 


Bit 3 
Not used. 
Bit 4 
Not used. 


Bit 5 
Not used. 
Bit 6 RAME The RAM Enable control bit allows the user the 


ability to disable the standby RAM. This bit is set 
to a logic "I" 
by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 
Big 7 STBY 
The Standby Power bit is cleared when the stand- 


PWR 
by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby 
RAM voltage has been applied, and 


the data in the standby RAM is valid. 


• 
GENERAL 
DESCRIPTION 
OF INSTRUCTION SET 


The HD680IV 
is upward object code compatible 
with the 


HD6800 
as it implements 
the full HMCS6800 instruction 
set. 


The execution 
times of key instructions have been reduced to 


increase throughout. 
In addition, 
new instructions 
have been 


added; these include 16-bit operations and a hardware multiply. 
Included in the instruction set section are the following: 
• CPU Programming Model (Figure 23) 
• Addressing modes 
• Accumulator and memory instructions - Table 7 
• New instructions 
• Index register and stack manipulations instructions - Table 


8 
• Jump and branch instructions - Table 9 


• Condition code register manipulation instructions - Table 10 
• Instructions 
Execution 
times in machine cycles - 
Table 


II 


• Summary of cycle by cycle operation - Table 12 
• Summary of undefmed instructions operation 
• Op codes Map - Table 13 


• 
CPU Programming Model 
The programming model for the HD680 1V is shown in Figure 


23. The double (D) accumulator 
is physically the same as the 


Accumulator 
A concatenated 
with the Accumulator 
B so that 
any operation using accumulator 0 will destroy information 
in 
A and B. 


115 
x 
01 
Indn 
Register 
IX I 


115 
sp 
01 
Stack 
Pomter 
(SPI 


115 
PC 
01 
PTogr.m 
Countel" 
IPC) 


Carrv/Borrow 
from MSB 
Overflow 


Zero 


Negative 


Interrupt 


Half 
Carry 
(From 
elt 
3) 


• 
CPU Addressing Modes 
The HD680 IV eight-bit microcomputer unit has seven address 


modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. 
A summary of the addressing modes for 
a particular instruction 
can be found in Table II along with the 


associated instruction 
execution 
time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator 
(ACCX) Addressing 


In accumulator 
only addressing, either 
accumulator 
A or 


accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 
In immediate 
addressing, 
the operand 
is contained 
in the 


second byte of the instruction except LOS and LOX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 
instruction 
for execution. 
These are two or three-byte instruc- 


tions. 
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Condition Code 


Addressing Modes 
Register 


Operations 
Mnemonic 


IMPLIED 
Boolean/ 


IMMED. 
DIRECT 
INDEX 
EXTEND 
Arithmetic 
Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-+A 
I · I I I I 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-B 
I · 


I I I I 


Add Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
A: 
B + M: 
M+l-A: 
B ·· 


I I I I 


Add Accumulators 
ABA 
1B 
2 
1 
A+B-A 
I · 


I I I I 


Add With Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
I · 


I I I I 


ADCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
I · I I I I 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
·· 


I I 
R · 
ANDB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B'M-B 
·· 


I I 
R · 
Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
·· I I 
R • 


BIT 
B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B'M 
·· I I 
R · 
Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
00- 
M 
· • 
R 
S 
R 
R 


CLRA 
4F 
2 
1 
OO-A 
·· 
R 
S 
R 
R 


CLRB 
5F 
2 
1 
00- 
B 
·· 
R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
A1 
4 
2 
B1 
4 
3 
A-M 
·· I I I I 


CMPB 
C1 
2 
2 
D1 
3 ,2 
E1 
4 
2 
F1 
4 
3 
B-M 
·• I I I I 


Compare 
C8A 
11 
2 
1 
A-8 
·· 


I I I I 
Accumulators 


Complement, 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 


I I 
R 
S 


COMA 
43 
2 
1 
A -A 
·· I I 
R 
S 


COMB 
53 
2 
1 
B -B 
·· 


I I 
R 
S 


Complement, 
2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M- 
M 
·· 


I I CD@ 


(Negate) 
NEGA 
40 
2 
1 
00 - A- 
A 
·· I I CD@ 


NEGB 
50 
2 
1 
OO-B-B 
·· 


I I CD@ 


Decimal Adjust, A 
DAA 
19 
2 
1 
Converts binary add of BCD ·· I I I @ 
characters into BCD format 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M-1 
- 
M 
·· 


I I ® • 


DECA 
4A 
2 
1 
A -l-A 
·· 


I I ® • 


DECB 
5A 
2 
1 
B-1 
- 
B 
·· 


I I ® • 


Exclusive OR 
EORA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A0M-A 
·· 


I I 
R · 
EORB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
B 0 
M- 
8 
·· I I 
R · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
·· 


I I ® • 


INCA 
4C 
2 
1 
A+ 
l-A 
·· 


I I ® • 


INCB 
5C 
2 
1 
8 + 1- 
B 
·· 


I I ® • 


Load 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
·· I I 
R · 
Accumulator 
LDAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
·· 


I I 
R · 
Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1- 
8. M- 
A 
·· 


I I 
R · 
Accumulator 


Multiply 
Unsigned 
MUL 
3D 
10 
1 
AxB-A: 
B 
····· 


® 
OR, Inclusive 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
·· I I 
R · 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
8 + M- 
B 
·· 


I I 
R · 
Push Data 
PSHA 
36 
3 
1 
A- 
Msp.SP-1- 
SP 
··· • • · 
PSHB 
37 
3 
1 
B - 
Msp, SP - 1 - 
SP 
······ 
Pull 08ta 
PULA 
32 
4 
1 
SP + 1 - 
SP, Msp - 
A 
······ 
PUL8 
33 
4 
1 
SP + 1 - 
SP, Msp - 
B 
······ 
Rotate Left 
ROL 
69 
6 
2 
79 
6 
3 
M 
·· I I 
@; I 


ROLA 
49 
2 
1 A)lCH 
I I IIII 
IIJ ·· 


I I ~ I 


ROLB 
59 
2 
1 
B 
C 
b7 
bo ·· I I 
:ID I 


Rotate Right 
ROR 
66 
6 
2 
76 
6 
3 
M 
IfJ ·· 


I I 
@ I 


RORA 
46 
2 
1 A)CCH 
I I I I I I 
·· I I 
(§; I 


B 
C 
b7 
bO 


RORB 
56 
2 
1 
·· I I 
'6 I 
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I 


Addressing Modes 
Condition 
Code 


Register 
Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Boolean! 
5 
4 
3 
2 
1 
0 
Arithmetic 
Operation 


DP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Shift 
Left 
ASL 
68 
6 
2 
78 
6 
3 
Mj 
.- 
• • I 
I ®I 
Arithmetic 
ASLA 
48 
2 
1 
A 
[H 
I I III 
I I 1-0 ·· 


I 
I @I 


ASLB 
58 
2 
1 
B 
C 
b7 
bO 
• • 
I 
I 
&il 


Double Shift 
ASLD 
05 
3 
1 
~ 
ACe N Acc 
8 
1-0 
• · 


I 
I ® I 
Left, Arithmetic 
A7 
An 
B7 
80 


Shift Right 
ASR 
67 
6 
2 
77 
6 
3 
~) CCI 


-----+ 
·· 


I 
I 
6 
I 


Arithmetic 
ASRA 
47 
2 
1 
I I I " 
lbOHd ·· 


I 
I 
6 
I 


ASRB 
57 
2 
1 
8 
b7 
• • I 
I 
6 
I 


Shift Right 
LSR 
64 
6 
2 
74 
6 
3 
~jO--i I - 
• • 
R I 
6 
I 


Logical 
LSRA 
44 
2 
1 
I " I I IJ-tt 
• · 


R 
I ® 
I 


LSRB 
54 
2 
1 
B 
b7 
·· 
R I ® I 


Double Shift 
0->1 -- 
LSRD 
04 
3 
1 
ACC 
AI ACe B 
~ ·· 


R 
I ® I 
Right 
Logical 
A7 
AO 
87 
80 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A- 
M 
·• I 
I 
R • 


Accumulator 
STAB 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
B_M 
·· 


I 
I 
R · 
Store Double 
STD 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 
A_M 
·· 


I 
I 
R • 
Accumulator 
B _ 
M+1 


Subtract 
SUBA 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
80 
4 
3 
A-M_A 
·· 


I 
I 
I 
I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M_B 
·· 
I 
I 
I 
I 


Double Subtract 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
A: 
B -M: 
M+ 
1- 
A: 
B 
• · 


I 
I 
I 
I 


Subtract 
SBA 
10 
2 
1 
A - B- 
A 
• • 
I 
I 
I 
I 
Accumulators 


Subtract 
SBCA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
82 
4 
3 
A-M-C-A 
·· 
I 
I 
I 
I 


With Carry 
SBCB 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
·· 


I 
I 
I 
I 


Transfer 
TAB 
16 
2 
1 
A- 
B 
·· 
I 
I 
R · 
Accumulators 
TBA 
17 
2 
1 
B_A 
• · 
I 
I 
R • 


Test Zero or 
TST 
60 
6 
2 
70 
6 
3 
M -00 
• · 


I 
I 
R 
R 


Minus 
TSTA 
40 
2 
1 
A - 00 
·· 
I 
I 
R 
R 


TSTB 
50 
2 
1 
B - 00 
·· 


I 
I 
R 
R 


Direct Addressing 


In direct addressing, the address of the operand is contained 


in the second byte of the instruction. 
Direct addressing allows 


the user to directly address the lowest 256 bytes in the machine 
Le., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 


In extended addressing, the address con tained in the second 


byte of the instruction 
is used as the higher eight-bits of the 


address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed Addressing 


In indexed addressing, the address contained 
in the second 


byte of the instruction 
is added to the index register's lowest 


eight bits in the CPU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 


In the 
implied addressing mode the instruction 
gives the 
address 
(Le., stack 
pointer, 
index 
register, 
etc.). 
These 
are 
one·byte instructions. 
Relative Addressing 


In relative addressing, the address contained 
in the second 
byte of the instruction is added to the program counter's lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of the present instruction. 
These 
are two-byte instructions. 
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• 
New Instructions 
In addition 
to the existing 6800 
Instruction 
Set, the following new instructions 
are 


incorporated 
in the HD680lV Microcomputer. 


ABX 
Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 


ADDD 
Adds the double precision ACCD" to the double precision value M:M+I and places 
the results in ACCD. 


ASLD 
Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 


LDD 
Loads 
the 
contents 
of 
double 
precision 
memory 
location 
into 
the 
double 


accumulator A:B. The condition codes are set according to the data. 
LSRD 
Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 
MUL 
Multiplies the 8 bits in accumulator 
A with the 8 bits in accumulator B to obtain a 


I6-bit unsigned number in A:B, ACCA contains MSB of result. 


PSHX 
The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 


PULX 
The ,index 
register is pulled 
from 
the 
stack beginning at the current 
address 


contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 
STD 
Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 


S!JBD 
Subtracts 
the contents 
of M:M + I from the contents 
of double accumulator 
AB 


and places the result in ACCD. 


BRN 
Never branches. If effect, this instruction 
can be considered a two byte NOP (No 


operation) requiring three cycles for execution. 


CPX 
Internal processing modified to permit its use with any conditional branch instru- 
ction. 


Addressing 
Modes 
Condition 
Code 


Boolean! 
Register 


Pointer Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Compare 
Index Reg 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
8C 
6 
3 
X-M:M+1 
" " 
t 
t 
I 
I 


Decrement 
Index Reg 
DEX 
09 
3 
1 
X-1-X 
" ·· 


I ·· 
Decrement 
Stack 
Pntr 
DES 
34 
3 
1 
SP -1- 
SP 
······ 
Increment 
I ndex Reg 
INX 
08 
3 
1 
X+ 1- 
X 
· " · 


I ·· 
Increment 
Stack Pntr 
INS 
31 
3 
1 
SP+1-SP 
" " · " " " 
Load Index Reg 
LOX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M-XH.IM+lI-XL 
" 
.!j) I 
R • 
Load Stack 
Pntr 
LOS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
8E 
5 
3 
M- 
SPH.IM+lI-SPL 
· 
.!j) I 
R · 
Store Index Reg 
STX 
OF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M.XL-(M+1) 
· 
.!j) I 
R • 


Store Stack Pntr 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH - 
M.SPL -IM+1) · 
• !j)I 
R · 
Index 
Reg - 
Stack 
Potr 
TXS 
35 
3 
1 
X -1- 
SP 
·• ··· • 


Stack Pntr - 
Index Reg 
TSX 
30 
3 
1 
SP + 1- 
X 
··· • " · 
Add 
ABX 
3A 
3 
1 
B + X- 
X 
·····• 
Push Data 
PSHX 
3C 
4 
1 
XL-M",.SP-1-SP 
··• • • · 
XH - 
MIP. SP - 1 - 
Sp 


Pull Data 
PULX 
38 
5 
1 
SP+ l-SP.Msp- 
XH ······ 
SP + 1- 
SP, MIP - 
XL 
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Addressing Modes 
Condition Code 
Register 
Operations 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Branch Test 
5 
4 
3 
2 
1 
0 


DP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
· • • • • • 


Branch Never 
BRN 
21 
3 
2 
None 
·• • ··· 
Branch If Carry Clear 
BCC 
24 
3 
2 
C=O 
• • • ·• · 
Branch If Carry Set 
BCS 
25 
3 
2 
Cz1 
·• • • ·· 
Branch If :::Zero 
BED 
27 
3 
2 
Z=l 
• ··• • • 


Branch If ;> Zero 
BGE 
2C 
3 
2 
N@V-O 
······ 
Branch If> 
Zero 
BGT 
2E 
3 
2 
Z+ 
IN@VI-O 
··• • • • 


Branch If Higher 
BHI 
22 
3 
2 
C+Z=O 
• ····• 


Branch If " Zero 
BlE 
2F 
3 
2 
Z+ 
(N@ 
VI-l 
• • • ··• 


Branch If Lower Or 
BlS 
23 
3 
2 
C+ Z = 1 
• • • • • • 
Same 


Branch If < Zero 
BlT 
2D 
3 
2 
N@V'l 
·• • ·• · 
Branch If Minus 
BMI 
2B 
3 
2 
N = 1 
·····• 


Branch If Not Equal 
BNE 
26 
3 
2 
Z·O 
·• ···· 
Zero 


Branch If Overflow 
BVC 
28 
3 
2 
V=O 
···• • • 
Clear 


Branch If Overflow Set 
BVS 
29 
3 
2 
V= 
1 
• ··• • • 


Branch If Plus 
BPl 
2A 
3 
2 
N-O 
• ····· 
Branch To Subroutine 
BSR 
8D 
6 
2 
···• • · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
···• ·• 


Jump To Subroutine 
JSR 
9D 
5 
2 
AD 
6 
2 
BD 
6 
3 
• • ···· 


No Operation 
NOP 
01 
2 
1 
Advances Prog. Cntr. ·····• 
Onlv 


Return From Interrupti 
RTI 
3B 
10 
1 
-@- 


Return From 
RTS 
39 
5 
1 
• • ···· 
Subroutine 


Software Interrupt 
SWI 
3F 
12 
1 
• 
S ···· 
Wait for Interrupt 
WAI 
3E 
9 
1 
·®. • ·• 


ddressingModes 
Condition Code Register 


Operations 
Mnemonic 
IMPLIED 
Boolean Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
H 
I 
N 
Z 
V 
C 


Clear Carry 
ClC 
OC 
2 
1 
O-C 
• · · · · 
R 


Clear Interrupt 
Mask 
Cli 
OE 
2 
1 
0-1 
· 
R · · • 
• 
Clear Overflow 
ClV 
OA 
2 
1 
O-V 
· · · · 
R · 
Set Carry 
SEC 
OD 
2 
1 
1-C 
· · · · • 
S 


Set Interrupt Mask 
SEI 
OF 
2 
1 
1-1 
· 
S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
1-V 
· • 
• 
• 
S 
• 
Accumulator A - 
CCR 
TAP 
06 
2 
1 
A- 
CCR 
---@--- 


CCR - 
Accumulator A 
TPA 
07 
2 
1 
CCR- 
A 
• I • 
• I • · · 


Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 


CD 
(Bit V) 
Test: Result = 100000007 


@ 
IBit C) 
Test: Result ~ 000000007 


@ 
(Bi1:C) 
Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 


@ 
(Bit V) 
Test: Operand = 10000000 
prior to execution? 


® 
(Bit V) 
Test: Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: Set equal to result to N @ C after shift has occurred. 


(j) 
(Bit N) 
Test: Result lessthan zero? (Bit 15 = 1) 


® 
(All) 
Load Condition Code Register from Stack. (See Special Operations) 


@ 
(Bit I) 
Set when interrupt occurs. If previously set, a Non·Maskable Interrupt 
is required to exit the wait state. 


@> (All) 
Set according to the contents of Accumulator A. 


® 
(8it 
CI 
Set equal to result of Bit 7 (ACCBI 
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HD6801VO,HD6801V5 


Table 11 
Instruction 
Execution 
Times in Machine Cycle 


Imme· 
Ex- 
In- 
1m- 
Re- 
Imme· 
Ex- 
In- 
1m- 
Re- 


ACCX 
diate 
Direct 
tended 
de xed 
plied 
lative 
ACCX 
diate 
Direct 
tended 
de xed 
plied 
lative 


ABA 
INX 


ABX 
JMP 
3 
3 


ADC 
2 
3 
4 
4 
JSR 
5 
6 
6 
• 


ADD 
2 
3 
4 
4 
LOA 
2 
3 
4 
4 


ADDD 
4 
5 
6 
6 
LDD 
3 
4 
5 
5 


AND 
2 
3 
4 
4 
• 
LOS 
3 
4 
5 
5 
• 


ASL 
2 
6 
6 
LOX 
3 
4 
5 
5 
• 


ASLD 
3 
LSR 
6 
6 
• 


ASR 
2 
6 
6 
LSRD 
3 
• 


BCC 
3 
MUL 
10 
• 


BCS 
• 
• 
3 
NEG 
6 
6 
• 


BEa 
• 
3 
NOP 


BGE 
3 
ORA 
2 
4 
4 


BGT 
• 
• 
• 
3 
PSH 


BHI 
• 
3 
PSHX 
4 


BIT 
4 
4 
PUL 
4 
• 


BLE 
• 
3 
PULX 
5 


BLS 
3 
ROL 
2 
6 
6 


BLT 
3 
ROR 
2 
6 
6 


BMI 
3 
RTI 
10 


BNE 
3 
RTS 
5 


BPL 
3 
SBA 
2 


BRA 
3 
SBC 
2 
3 
4 
4 


BRN 
3 
SEC 
2 


BSR 
6 
SEI 
2 


BVC 
3 
SEV 
2 


BVS 
• 
3 
STA 
3 
4 
4 


CBA 
2 
STO 
4 
5 
5 


CLC 
2 
STS 
4 
5 
5 


CLI 
2 
STX 
4 
5 
5 


CLR 
6 
6 
SUB 
2 
3 
4 
4 


CLV 
SUBO 
4 
5 
6 
6 


CMP 
3 
4 
4 
SWI 
12 


COM 
2 
6 
6 
TAB 
2 


CPX 
4 
5 
6 
6 
TAP 
2 


DAA 
TBA 
2 


DEC 
2 
6 
6 
TPA 
2 


DES 
3 
TST 
2 
6 
6 


OEX 
3 
TSX 
3 


EOR 
3 
4 
4 
TXS 
3 


INC 
2 
6 
6 
WAI 
9 


INS 
3 
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• 
Summary of Cycle by Cycle Operation 
Table 12 provides a detailed description of the information 


present on the Address Bus, Data Bus, and the Read/Write line 
(R/W'>during each cycle for each instruction. 
This information is useful in comparing actual with expected 


results 
during debug of both 
software and hardware 
as the 


control 
program is executed. The information 
is categorized in 
groups according to addressing mode and number of cycles per 
instruction. 
(In general, instructions 
with the same addressing 
mode and number of cycles execute in the same manner; ex- 
ceptions are indicated in the table). 


ADC EOR 
2 
1 
Op Code Address 
1 
Op Code 


ADD LOA 
2 
Op Code Address + 1 
1 
Operand Data 


AND ORA 
BIT 
SBC 
CMP SUB 


LOS 
3 
1 
Op Code Address 
1 
Op Code 


LOX 
2 
Op Code Address + 1 
1 
Operand Data (High Order Byte) 


LDD 
3 
Op Code Address + 2 
1 
Operand Data (Low Order Byte) 


CPX 
4 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code Address + 1 
1 
Operand Data (High Order Byte) 


ADDD 
3 
Op Code Address + 2 
1 
Operand Data (Low Order Byte) 


4 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


ADC EOR 
3 
1 
Op Code Address 
1 
Op Code 


ADD LOA 
2 
Op Code Address + 1 
1 
Address of Operand 
AND ORA 
3 
Address of Operand 
1 
Operand Data 
BIT 
SBC 
CMP SUB 


STA 
3 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address + 1 
1 
Destination Address 


3 
Destination Address 
0 
Data from Accumulator 


LOS 
4 
1 
Op Code Address 
1 
Op Code 


LOX 
2 
Op Code Address + 1 
1 
Address of Operand 
LDD 
3 
Address of Operand 
1 
Operand Data (High Order Byte) 


4 
Operand Address + 1 
1 
Operand Data (Low Order Byte) 


STS 
4 
1 
Op Code Address 
1 
Op Code 


STX 
2 
Op Code Address + 1 
1 
Address of Operand 


STD 
3 
Address of Operand 
0 
Register Data (High Order Byte) 


4 
Address of Operand + 1 
0 
Register Data (Low Order Byte) 


CPX 
5 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code Address + 1 
1 
Address of Operand 
ADDD 
3 
Operand Address 
1 
Operand Data (High Order Byte) 


4 
Operand Address + 1 
1 
Operand Data (Low Order Byte) 


5 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address + 1 
1 
Irrelevant Data 


3 
Subroutine Address 
1 
First Subroutine Op Code 


4 
Stack Pointer 
0 
Return Address (Low Order Byte) 


5 
Stack Pointer + 1 
0 
Return Address (High Order Byte) 
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JMP 
3 
1 
Op Code Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Offset 


AND 
ORA 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Op Code 
Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code 
Add ress 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Offset 


STD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code 
Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code 
Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current 
Operand 
Data 
DEC 
TST+ 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


INC 
6 
Index 
Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Offset 


ADDD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
+ Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus FFFF 
1- 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
First 
Subroutine 
Op Code 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Jump 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LDA 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


AND 
ORA 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low Order 
Byte) 


BIT 
SBC 
4 
Address 
of. Operand 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Destination 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from 
Accumulator 


LDS 
5 
1 
Op Code Address 
1 
Op Code 


LDX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


LDD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code 
Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


STD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code 
Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code 
Add,ess 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


CLR 
ROL 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


COM 
ROR 
4 
Address 
of Operand 
1 
Current 
Operand 
Data 


DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


INC 
6 
Address 
of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Address 
(High Order 
Byte) 


ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Address 
of Subroutine 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next 
Instruction 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 
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ABA 
DAA 
SEC 
2 
1 
Op Code 
Address 
1 
Op Code 


ASL 
DEC 
SEI 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 


CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 


COM SBA 


ABX 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


ASLD 
3 
1 
Op Code 
Address 
1 
Op Code 


LSRD 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


DES 
3 
1 
Op Code Address 
1 
Op Code 


INS 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Previous 
Register 
Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Op Code 
Address 
1 
Op Code 


DEX 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PSHA 
3 
1 
Op Code 
Address 
1 
Op Code 


PSHB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


PULA 
4 
1 
Op Code 
Add ress 
1 
Op Code 
PULB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Operand 
Data from 
Stack 


PSHX 
4 
1 
Op Code Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
0 
Index 
Register 
(Low 
Order 
By tel 
4 
Stack 
Pointer 
- 1 
0 
Index 
Register 
(High Order 
By tel 


PULX 
5 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Index 
Register 
(High Order 
Byte) 


5 
Stack 
Pointer 
+2 
1 
Index 
Register 
(Low 
Order 
Byte) 


RTS 
5 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Address 
of Next 
Instruction 
(High Order 
By tel 
5 
Stack 
Pointer 
+ 2 
1 
Address 
of Next 
Instruction 
(Low Order 
Byte) 


WAI** 
9 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 
3 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(H igh order 
Byte) 
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Address 
Mode & 
Cycles 
Cycle 
Address 
Bus 
RIW 
Data 
Bus 
Instruetions 
# 
Line 


WAI** 
5 
Stack 
Pointer 
- 
2 
0 
Index 
Register 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 3 
0 
Index 
Register 
(High Order 
Byte) 


7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer 
- 
5 
0 
Contents 
of Accumulator 
B 


9 
Stack 
Pointer 
- 
6 
0 
Contents 
of Condo Code 
Register 


MUL 
10 
1 
Dp Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


6 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


7 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


8 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


9 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


RTI 
10 
1 
Op Code 
Add ress 
, 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Contents 
of Condo Code 
Reg. 


from 
Stack 


5 
Stack 
Pointer 
+ 2 
1 
Contents 
of Accumulator 
B 


from 
Stack 


6 
Stack 
Pointer 
+ 3 
1 
Contents 
of Accumulator 
A 


from 
Stack 


7 
Stack 
Pointer 
+ 4 
1 
Index 
Register 
from 
Stack 


(High Order 
Byte) 


8 
Stack 
Pointer 
+ 5 
1 
Index 
Register 
from 
Stack 


(Low Order 
Byte) 


9 
Stack 
Pointer 
+ 6 
1 
Next 
Instruction 
Address 
from 


Stack 
(High Order 
Byte) 


10 
Stack 
Pointer 
+ 7 
, 
Next 
Instruction 
Address 
from 


Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(H igh Order 
Byte) 


5 
Stack 
Pointer 
- 
2 
0 
Index·Register 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 
3 
0 
Index 
Register 
(High Order 
Byte) 
7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer 
- 
5 
0 
Contents 
of Accumulator 
B 


9 
Stack 
Pointer 
- 
6 
0 
Contents 
of Cond. 
Code 
Register 


10 
Stack 
Pointer 
- 
7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
(Hex) 
1 
Address 
of Subroutine 


(High Order 
Byte) 


12 
Vector 
Address 
FFFB 
(Hex) 
1 
Address 
of Subroutine 


(Low Order 
Byte) 


··While 
the MCU is in the "Wait" 
state. 
its bus state 
will appear 
as a series of MCU reads of an address 
which 
is seven 
locations 
less than the 
original contents of the Stack Pointer. Contrary 
to the HD6800. 
none of the ports are driven to the high impedence state by a WAI instr- 


uction. 
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BCC 
BHT 
BNE 
3 
1 
Op Code 
Address 
1 
Op Code 
BCS 
BLE 
BPL 
2 
Op Code 
Address 
+ 1 
1 
Branch 
Offset 
BEG 
BLS 
BRA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
BGE 
BL T 
BVC 
BGT 
BMT 
BVS 
BRN 


BSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Subroutine 
Starting 
Address 
1 
Op Code 
of Next 
Instruction 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


• 
Summary 
of Undefined 
Instruction 
Operations 


The HD6801 V has 36 undefmed 
instructions. 
When these 
are 
carried 
out, 
the 
contents 
of 
Register 
and 
Memory 
in 
MCV 
change 
at random. 


When 
the 
op 
codes 
(4E, 5E) are used 
to execute, 
the 
MCV 


continues 
to 
increase 
the 
program 
counter 
and 
it will not 
stop 


until 
the 
Reset 
signal enters. 
These 
op codes 
are used to test the 


LSJ. 


HD6801 
V 
MICROCOMPUTER 
INSTRUCTIONS 


OP 
ACC 
ACC 
ACCA orSP 
ACCB or X 


CODE 
A 
B 
IND 
EXT 
IMM 1 DIR 
1 IND I EXT 
IMM I DIR 
IIND 
I EXT 


~ 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 I 100111010 
1101 1 
1100 111011111011111 


a 
1 
2 
3 
4 
5 
6 
7 
8 
1 
9 
I 
A 
1 
B 
C 
1 
DIE 
I 
F 
סס oo 
a ----- 
SBA 
BRA 
TSX 
NEG 
SUB 
a 


0001 
1 
NOP 
CBA 
BRN 
INS -- 


CMP 


0010 
2 
----- ~ 
BHI 
PULA 
1+1) -- 


SBC 


0011 
3 -- 
------- 
BLS 
PULB (+11 
COM 
· 


SUBD 1+2) 
I 
• 
: 
ADDD 
(+2) 
3 


0100 
4 
LSRD 1+11 ------- 
BCC 
DES 
LSR 
AND 
4 


0101 
5 
ASLD 
(+11 ~ 
BCS 
TXS -- 


BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LDA 
6 


0111 
7 
TPA 
TBA 
BEQ 
PSHB 
ASR 
~ 
STA 
/1 
STA 
7 


1000 
8 
INX 
1+11 ~ 
BVC 
PULX 
(+21 
ASL 
EOR 
8 


1001 
9 
DEXI+1I 
DAA 
BVS 
RTS (+2) 
ROL 
ADC 
9 


1010 
A 
CLV 
~ 
BPL 
ABX 
DEC 
ORA 
A 


lOll 
B 
SEV 
ABA 
BMI 
RTII+71 -- 


ADD 
B 


1lOa 
C 
CLC 
~ 
BGE 
PSHX 1+11 
INC 
· : 
CPX 1+2) 
. 
LDD 
1+11 
C 


1101 
D 
SEC / 
BLT 
MUL 
1+7) 
TST 
~SRI 
JSR 1+2) 
• 1+1'11 
STD 1+1) 
D 
+4\ I 


1110 
E 
CLI 
/ 
BGT 
WAI (+6) - ..- 
JMP 1-31 · 
LDS 1+11 
. 
LDX 
(+11 
E 


1111 
F 
SEI 
~ 
BLE 
SWII+91 
CLR 
• 1+1)1 
STS 1+11 
• (+1)1 
STX 1+11 
F 


BYTE/CYCLE 
1/2 
1/2 
2/3 
1/3 
1/2 I 1/2 
2/6 
3/6 
2/2 I 2/3 I 2/4 
1 3/4 
2/2 
1 2/3 I 2/4 I 3/4 


[NOTES] 
1I 
Undefined 
Op codes are marked with 
~. 


2) 
) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


3) 
The instructions 
shown 
below 
are all 3 bytes 
and are marked 
with 
".". 
Immediate 
addressing 
mode 
of SUBD. 
CPX. 
LOS, ADDD, 
LDD and 
LOX instructions, 
and undefined 
op codes 
18F, CD, CFl. 


4) 
The Op codes (4E, 5E) are 1 byte! ••••cycles instructions, and are marked with " •• " 
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Non-Maskable 
Interrupt 


Software 
I nternJpt 


Maskable Interrupt 
Request 1 


Input Capture Interrupt 


Output 
Compare 
Interrupt 
Timer 
Overflow 
Interrupt 


SCI Interrupt 
(TORE + RORF + ORFE) 


iR15""; 


POrt 3 
8 Transter 
Lones 


POrI 2 
Port 
2 


5 I/O Lines 
51/0 
L,nes 


SCI 


16 Bit Timer 


• 
Caution 
for the HD6801 
Family 
SCI, TIMER 
Status 
Flag 


The 
flags 
shown 
in Table 
14 are cleared 
by reading/writing 


(flag 
reset 
condition 
2) the 
data 
register 
corresponding 
to each 


flag after 
reading 
the status 
register 
(flag reset condition 
1). 


To clear 
the flag correctly, 
take the following 
procedure: 


1. Read 
the status 
register 


2. Test the flag 
3. Read 
the data 
register 


Status 
Flag Reset 
Flag Reset 
Condition 
2 


Flag 
Condition' 
(Data 
Register) 
(Status 
Register) 


ICF 
When each 
flag is 
ICR/Read 


TIMER OCF "''', 
OCRlWrite 
t-- 


TOF 
TRCSR/Read 
TC/Read 


RoRF 
When each flag is 
RoR/ 


SCI 
toRFE 
"''', 
Read 


'TORE 
TRCSR/Read 
TOR/Write 
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HD6803, HD6803-1 
MPU 
(Micro 
Processing Unit) 


The 
HD6803 
MPU 
is an 
8-bit 
micro 
processing 
unit 
which 


is compatible 
with 
the HMCS6800 
family 
of parts. 
The HD6803 


MPU is object 
code compatible 
with 
the HD6800 
with 
improved 


execution 
times 
of key instructions 
plus 
several 
new 
16-bit 
and 


8-bit 
instruction 
including 
an 
8 
x 8 unsigned 
multiply 
with 


16.bit 
result. 
The 
HD6803 
MPU can be expanded 
to 6Sk bytes. 


The 
HD6803 
MPU 
is TTL 
compatible 
and 
requires 
one 
+0.5 


volt 
power 
supply. 
The 
HD6803 
MPU has 
128 bytes 
of RAM, 
Serial 
Communications 
Interface 
(S.C.1.), 
and 
parallel 
I/O 
as 


well 
as 
a 
three 
function 
16-bit 
timer. 
Features 
and 
Block 


Diagram 
of the HD6803 
include 
the following: 


• 
FEATURES 
• 
Expanded 
HMCS6800 
Instruction 
Set 


• 
8 x 8 Multiply 
• 
On-Chip 
Serial Communications 
Interface 
(S.C.I.) 


• 
Object 
Code 
Compatible 
with 
The 
HD6800 
MPU 


• 
16-8it 
Timer 


• 
Expandable 
to 65k Bytes 


• 
Multiplexed 
Address 
and Data 


• 
128 Bytes 
of RAM (64 Bytes 
Retainable 
On Power 


Down) 


• 
13 Parallel 
110 Lines 


• 
Internal 
Clock/Divided·By-Four 


• 
TTL Compatible 
Inputs 
and Outputs 


• 
Interrupt 
Capability 


• 
Compatible 
with 
MC6803 
and MC6803-1 


Address/ 
Data 
Buffers 


AS 
AM 


DU'Ao 
°1/A1 


D2/A2 


OJ/A) 


Ot/At 


P" 
O~/A~ 


P" 
HD6803 
, 
06/At> 


P" 
07/A7 


P,. 
A, 


P" 
A, 


P" 
A" 


P" 
A" 


P" 
A" 


P" 
4 
Au 


P" 
A" 


P" 
An 


PI' 
1 VCC 
$Iandbv 


(Top View) 


• 
TYPE 
OF 
PRODUCTS 


Type 
No. 
Bus Timing 


HD6803 
1.0MHz 


HD6803-1 
1.25MHz 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vee . 
-0.3 
- 
+7.0 
V 


Input 
Voltage 
Vin . 
-0.3 
- 
+7.0 
V 


Operating 
Temperature 
Topr 
0 
- 
+70 
°c 


Storage 
Temperature 
T"" 
-55-+150 
°c 


• 
With respect to VSS (SYSTEM 
GNDI 


(NOTE] 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal operation 
should be under recommended 
operating 
conditions. 
If these conditions 
are exceeded, it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vee 
=5.0V±5%. 
Vss 
= OV. Ta = 0-+70°C. 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vee 
Input 
"High" 
Voltage 
Other 
Inputs· 
V'H 
V 


2.0 
- 
Vee 


Input 
"Low" 
Voltage 
All Inputs· 
V'L 
-0.3 
- 
0.8 
V 


Input 
Load Current 
EXTAL 
II;nl 
V;n=O-Vee 
- 
- 
0.8 
mA 


Input 
Leakage 
Current 
NMI. 
IRQ,. 
RES 
II I 
V 
= 0 - 
5.25V 
- 
- 
2.5 
J1A 


Three 
State 
(Offset) 
P,o- 
p". Do/Ao- 
D,/A, 
- 
- 
10 


Leakage 
Current 
P,o - 
P'4 
IITS,i 
V;n = 0.5 - 
2.4V 
100 


J1A 
- 
- 


Do/Ao 
- 
D,/A, 
ILOAD = -205 
J1A 
2.4 
- 
- 


Output 
"High" 
Voltage 
A. - 
~1S. 
E. RIW. AS 
VOH 
'LOAD - -145 
J1A 
2.4 
- 
- 
V 


Other 
Outputs 
ILOAD = -100J1A 
2.4 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
ILOAD = 1.6 mA 
- 
- 
0.5 
V 


Darlington 
Drive Current 
PIO 
- 
P" 
-loH 
Vout=1.5V 
1.0 
- 
10.0 
mA 


Power Dissipation 
PD 
- 
- 
1200 
mW 


Do/Ao 
- 
D,/A, 
V;n = OV. Ta = 25°C. 
- 
- 
12.5 
Input 
Capacitance 
Other 
Inputs 


Gin 
f=1.0MHz 
10.0 


pF 
- 
- 


Powerdown 
VSBB 
4.0 
- 
5.25 
Vee 
Standby 
V 
Operating 
VSB 
4.75 
- 
5.25 


Standby 
Current 
Powerdown 
ISBB 
VSBB = 4.0V 
- 
- 
8.0 
mA 
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• 
AC 
CHARACTERISTICS 


BUS 
TIMING 
(Vee = 5.0V ± 5%, Vss = OV, Ta = 0 - 
+70°C, 
unless otherwise 
noted.) 


Test 
HD6803 
HD6803·1 
Item 
Symbol 
Condi· 
Unit 


tion 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tCYC 
1 
- 
10 
0.8 
- 
10 
/lS 


Address Strobe Pulse Width 
"High" 
" 
PWASH 
200 
- 
- 
150 
- 
- 
ns 


Address Strobe 
Rise Time 
tAsr 
5 
- 
50 
5 
- 
50 
ns 


Address Strobe 
Fall Time 
tASI 
5 
- 
50 
5 
- 
50 
ns 


Address Strobe Delay Time" 
tASD 
60 
- 
- 
30 
- 
- 
ns 


Enable Rise Time 
tEr 
5 
- 
50 
5 
- 
50 
ns 


Enable Fall Time 
tEl 
5 
- 
50 
5 
- 
50 
ns 


Enable Pulse Width 
"High" 
Time" 
PWEH 
450 
- 
- 
340 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Time" 
PWEL 
450 
- 
- 
350 
- 
- 
ns 


Address Strobe to Enable Delay Time" 
tASED 
Fig. 1 
60 
- 
- 
30 
- 
- 
ns 


Address Delay Time 
tAD 
- 
- 
260 
- 
- 
260 
ns 


Address Delay Time for Latch" 
tADL 
- 
- 
270 
- 
- 
260 
ns 


Data Set·up Write Time 
tDsw 
225 
- 
- 
115 
- 
- 
ns 


Data Set·up Read Time 
tDSA 
80 
- 
- 
70 
- 
- 
ns 


I 
Read 
tHA 
10 
- 
- 
10 
- 
- 
Data Hold Time 
I 
ns 
Write 
IHW 
20 
- 
- 
20 
- 
- 


Address Set·up Time for Latch 
" 
tASL 
60 
- 
- 
50 
- 
- 
ns 


Address Hold Time for Latch 
tAHL 
20 
- 
- 
20 
- 
- 
ns 


Address Hold Time 
tAH 
20 
- 
- 
20 
- 
- 
ns 


Peripheral 
Read Access Time (Multiplexed 
Bus)" 
(tACCM) 
- 
- 
(600) 
- 
- 
(420) 
ns 


Oscillator 
stabilization 
Time 
tAC 
Fig.8 
100 
- 
- 
100 
- 
- 
ms 


Processor Control 
Set·up Time 
tpcs 
Fig. 7,8 
200 
- 
- 
200 
- 
- 
ns 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Peripheral 
Data Setup Time 
Port 1,2 
tpDSU 
Fig.2 
200 
- 
- 
ns 
Peripheral 
Data Hold Time 
Port 1,2 
tpDH 
Fig.2 
200 
- 
- 
ns 


Delay Time, 
Enable Negative 


Transition 
to Peripheral 
Data 
Port 1,2" 
tpWD 
Fig.3 
- 
- 
400 
ns 
Valid 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Timer Input Pulse Width 
tpWT 
2tcvc+200 
- 
- 
ns 


Delay Time, Enable Positive Transition to 
tTOD 
Fig,4 
- 
- 
600 
ns 
Timer Out 


SCI Input Clock Cycle 
tScyC 
1 
- 
- 
tcyc 


SCI Input Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
tScyc 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Mode Programming Input "Low" 
Voltage 
VMPL 
- 
- 
1.7 
V 


Mode Programming Input "High" 
Voltage 
VMPH 
4.0 
- 
- 
V 


RES "Low" 
Pulse Width 
PWRSTL 
Fig.5 
3.0 
- 
- 
teve 


Mode Programming Set-up Time 
tMPS 
2.0 
- 
- 
teve 


Mode Programming 
I RES Rise Time ~ 11ls 
0 
- 
- 


tMPH 
ns 
Hold Time 
I RES Rise Time < 11ls 
100 
- 
- 


MPUWrlle 
Do/A" - D:/A: 


(Purt 
3) 


MPU 
Read 
D••/A ••- D,/A, 


(POrt 
J) 
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r MPUW"" 


05V1=,PwO 
X 
I_ 


All Dati: 
2.2V 


Port 
Outputs 
O.6V 
Data 
Valid 


-Not applicable to P11 


Figure 2 
Data Set·up and Hold Times 
(MPU Read) 


P" 
.'TOO;t2V 


Output 
~~-O-.-6-V----- 


Figure 4 
Timer Output Timing 
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L'" '''''"<''00 -1 
I 
"0 
I ." 
I 
"2 
I 


\ 
'-1 I+--tpcs 


En,bl, 
lEI 
~'\\\~\\\\\\\\\ 
~"&\\\'*'~ 
L.n...f4 ~ 
fl.-[l.fLJ 


vcc -7j::::~ 
II 
l' 
L 
~t 


;m 
-------I- 
•.l-_-_-_-_-_-_-_-_-_-_~_'R_C~~~~~~~~~~~~~~~~-S 
~40V 
lpcs 
.I~-o-.•-V-lPCS----- 


Ad:~:o;~.§\\\\\\\\\\\\\\\\\§t %\s%§\\\\\\\\\\SsS\~r--v-v--v----v- 
~ 


rs 
,~ 
~~~E 


lot",,1 
RIW A\\\\\\\\\\\\\\~~\\\\\\\\\\\\\\\\\\\\\s\\\\Y 
'< ~ 


6~::';~:m\\\\\\\\\\~ 
,'\\\\\\S\\\\\\\\\S\\S\\\\\\\\\\X:t 
~ 
pe:::x::::x: 


pCB-pelS PCO-PC7 
Flnl 


• 
Vcc 
and VSS 
These 
two 
pins 
are used 
to supply 
power 
and ground 
to the 


chip. The voltage 
supplied 
will be +5 volts 
±5%. 
• 
XTAL 
and EXTAL 
These 
connections 
are 
for 
a parallel 
resonant 
fundamental 


crystal, 
AT 
cut. 
Devide-by-4 
circuitry 
is 
included 
with 
the 


internal 
clock, 
so 
a 4 MHz 
crystal 
may 
be 
used 
to run 
the 


system 
at 1 MHz. The devide-by-4 
circuitry 
allows 
for use of the 
inexpensive 
3.58 
MHz 
Color 
TV crystal 
for 
non-time 
critical 


applications. 
Two 
22pF 
capacitors 
are 
needed 
from 
the 
two 


crystal 
pins 
to ground 
to insure 
reliable 
operation. 
An example 


of 
the 
crystal 
interface 
is shown 
in 
Fig. 
9. EXT AL may 
be 


driven 
by 
an external 
TTL 
compatible 
source 
with 
a 45% 
to 


55% 
duty 
cycle. 
It will 
devided 
by 
4 any 
frequency 
less than 


or 
equal 
to 
5 MHz. 
XT AL 
must 
be grounded 
if an external 


clock 
is used. 


rystal 
4 MHz 
5 MHz 
Item 
Co 
7pF max. 
4.7pF max. 
RS 
60n max. 
30n 
tvP . 


CLl 
= CL2 = 22pF 
± 20% 


13.2 - 
5 MHz) 


(NOTEI 
AT cut parallel 
resonance 
parameters 
tL2 ~CLl 


Figure 
9 
Crystal 
Interface 
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• 
PORTS 
There are two I/O ports on the HD6803 MPU; one 8-bit 


port 
and one S-bit port. 
Each port 
has an associated 
write 
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• 
Vcc Standby 
This pin will supply +5 volts ±5% to the standby RAM on the 


chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current 
max. The circuit of figure 13 
can be utilized to assure that Vcc Standby does not go below 
VSBBduring power down. 
To retain information 
in the RAM during power down the 


following procedure is necessary: 


I) Write "a" into the RAM enable bit, RAME. RAME is bit 


6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc Standby greater than VSBB. 
iPo.... 
rLin. 


J,. 


• 
Reset (RES) 
This input is used to reset and start the MPU from a power 


down condition, 
resulting from a power failure or an initial 


startup of the processor. On power up, the reset must be held 
"Low" 
for at least 100 ms. When reset dUring operation, 
RES 


must be held "Low" at least 3 clock cycles. 
When a "High" level is detected, 
the CPU does the follow- 


ing; 


I) All the higher order address lines will be forced "High". 
2) I/O Port 2 bits, 2, I, and a are latched into programmed 


control bits PC2, PCI and Pea. 
3) The last two ($FFFE, 
$FFFF) 
locations in memory will 


be used to load the program addressed by the program 
counter. 


4) The interrupt 
mask bit is set. Clear before the CPU can 


recognize maskable interrupts. 
• 
Enable IE) 
This supplies the external clock for the rest of the system 


when the internal oscillator is used. It is a single phase, TTL 
compatible 
clock, and will be the divide- by- 4 result of the 


crystal oscillator frequency. It will drive one TTL load and 90 
pF capacitance. 
• 
Non-Maskable Interrupt INMI) 
When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As with interrupt 
Request signal, the processor will complete 


the current instruction that is being executed before it recognizes 
the NMI signal. The interrupt 
mask bit in the Condition Code 


Register has no effect on NMI. 


In response to an NMI interrupt, the Index Register, Program 


Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 
A 3.3 
kn 
external 
resistor 
to 
Vcc 
should 
be used for 


wire-OR and optimum control of interrupts. 
Inputs IRQ, 
and NMI are hardware interrupt 
lines that are 
sampled during E and will start the interrupt 
routine on the 


• 
Interrupt Request (IRO,) 
This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the 
current 
instruction 
before 
it recognizes the request. 
At 


that 
time, 
if the interrupt 
mask bit in the Condition 
Code 
Register 
is not 
set, the machine 
will begin an interrupt 
se- 


quence. The Index Register, Program Counter, 
Accumulators, 


and Condition Code Register are stored on the stack. Next the 
CPU will respond to the interrupt 
request by setting the inter- 
rupt mask bit "High" so that no further maskable interrupts 
may occur. At the end of the cycle, a 16-bit address will be 
loaded 
that 
points 
to a vectoring 
address 
which is located 


in memory 
locations 
$FFF8 
and $FFF9. 
An address loaded 


at these locations 
causes the CPU to branch to an interrupt 


routine in memory. 


The IRQ, 
requires a 3.3 kn external resistor to Vcc which 
should be used for wire-OR and optimum control of inte~ts. 
Internal 
Interrupts 
will use an internal~errupt 
line (IRQ,). 


This interrupt 
will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. 
IRQ, 
will 
have priority 
to IRQ, 
if both 
occur at the same time. The 


Interrupt 
Mask Bit in the condition 
code register masks both 


interrupts (See Table 1). 


Vector 
Interrupt 


MSB 
LSB 


FFFE 
FFFF 
RES 


FFFC 
FFFO 
NMI 


FFFA 
FFFB 
Software Interrupt 
ISWI) 


FFFB 
FFF9 
IRO, 


FFF6 
FFF7 
ICF 
(Input 
Capture) 


FFF4 
FFFS 
OCF (Output Compare) 


FFF2 
FFF3 
TOF (Timer Overflow) 


FFFO 
FFFl 
SCI IRORF+ ORFE + TORE) 


• 
ReadlWrite (Rm) 
This TTL compatible 
output 
signals the 
peripherals 
and 


memory devices whether 
the CPU is in a Read ("High") or a 


Write ("Low") 
state. The normal standby state of this signal is 


Read ("High"). This output can drive one TTL load and 90pF 
capacitance. 


• 
Address Strobe (AS) 
In the expanded 
multiplexed 
mode of operation, 
address 


strobe is output 
on this pin. This signal is used to latch the 8 


LSB's of address which are multiplexed 
with data on 00/ Ao 


to D,/A,. 
An 8·bit latch is utilized in conjunction with Address 


Strobe, as shown in figure 11. So Do/Ao to D,/A, 
can become 


data bus during the E pulse. The timing for this signal is shown 
in Figure I of Bus Timing. This signal is also used to disable the 
address from the multiplexed bus allowing a deselect time, tASD 
before the data is enabled to the bus. 


only Data Direction Register which allows each I/O line to be 
progranuned 
to act as an input or an output'. 
A "I" 
in the 


corresponding 
Data Direction Register bit will cause that I/O 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port I, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


Data Direction 
Register 
Address 


$0000 


$000' 


I/O Port 1 


I/O Port 2 


$0002 


$0003 


• 
I/O Port 
1 


This is an 8-bit port whose individual bits may be defined as 


inputs or outputs by the corresponding bit in its data direction 
register. 
The 
8 output 
buffers 
have 
three-state 
capability, 


allOWing them 
to 
enter 
a high in1pedance state 
when 
the 


peripheral 
data lines are used as inputs. In order to be read 


properly, the voltage on the input lines must be greater than 2.0 
Y for a logic "I" and less than 0.8 Y for a logic "0". As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to I mA at 1.5 Y to directly drive a Darlington base. After 
reset, the I/O lines are configured as inputs. 


• 
I/O Port 2 
This port 
has five lines that may be defined as inputs or 


outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 


~,,'"",,' [ 


I 
G OC 
D, 
0, 


74LS373 


D, 
0, 


state when used as an input. In order to be read properly, the 
voltage on the input 
lines must be greater than 2.0 Y for a 


logic "I" 
and less than 0.8 Y for a logic "0". As outputs, 
this 


port has no internal pullup resistors but will drive TIL 
inputs 


directly. For driving CMOS inputs, external pullup resistors are 
required. 
After reset, the I/O lines are configured 
as inputs. 


Three pins on Port 2 (pin 8,9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5,6 and 7) of Port 2 which are read only. 


Port 2 can be configured as I/O and provides access to the 


Serial Communications 
Interface 
and the Timer. Bit I is the 


only pin restricted to data input or Timer output. 


Pin Number 
8 
9 
'0 


[NOTES] 
L; 
Logical "0" 
H; Logical "," 


• BUS 
• 
Data/Address 
Lines (Do/Ao 
- 
D7/A7) 
Since the 
data 
bus is multiplexed 
with 
the lower order 


address bus in Data/Address, latches are required to latch those 
address bits. The 74LS373 Transparent 
Octal D-type latch can 


be used with the HD6803 to latch the least significant address 
byte. Figure II shows how to connect the latch to the HD6803 . 
The 
output 
control 
to the 74LS373 
may be connected 
to 


ground. 


• 
Address 
Lines (A. 
- 
A,s) 
Each line is TTL compatible and can drive one TIL load and 


90 pF. After reset, these pins become output 
for upper order 


address lines (A. to AIs). 


• 
INTERRUPT 
FLOWCHART 
The Interrupt 
flowchart is depicted in Figure 16 and is com- 


mon to every interrupt excluding reset. 


I A~,", 
A.-A, 


I 
0••• 0.-0 


Output 
Enable 
Output 


Control 
G 
D 
° 
L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
X 
0. 


H 
X 
X 
Z 
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• 
MEMORY 
MAP 


The 
MPU 
can 
provide 
up 
to 
65k 
byte 
address 
space. 
A 


memory 
map 
is shown 
in Figure 
12. The 
first 
32 locations 
are 


reserved 
for the 
MPU's 
internal 
register 
area, 
as shown 
in Table 


4 with 
exceptions 
as indicated. 


Register 
Address 


Port 
1 Data 
Direction 
Register·· 
00 


Port 
2 Data 
Direction 
Register·" 
01 


Port 
1 Data 
Register 
02 


Port 
2 Data 
Register 
03 


Not Used 
04" 


Not 
Used 
05" 


Not Used 
06" 


Not Used 
07" 


Timer 
Control 
and Status 
Register 
08 


Counter (High Byte) 
09 


Counter (Low Byte) 
OA 


Output Compare Register (High Byte) 
08 


Output 
Compare 
Register 
(Low 
Byte) 
OC 
Input Capture Register (High Byte) 
00 


Input 
Capture 
Register 
(Low 
Byte) 
OE 


Not Used 
OF" 


Aate 
and 
Mode 
Control 
Register 
10 


Transmit/Receive 
Control 
and 
Status 
Register 
11 


Receive 
Data 
Register 
12 


Transmit 
Data 
Register 
13 


RAM Control 
Register 
14 


Reserved 
15·1F 


$FFFO 


$FFFF 


(NOTE] 


Excludes the following 
addresseswhich may 
be used externally: 
$04, $05, $06. S07, and 


$OF. 


Figure 
12 
HD6803 
Memory 
Map 


• 
PROGRAMMABLE 
TIMER 


The HD6803 
contains 
an on-chip 
l6-bit 
programmable 
timer 
which 
may 
be used 
to measure 
an input 
waveform 
while 
inde- 


pendently 
generating 
an 
output 
waveform. 
Pulse 
widths 
for 
both 
input 
and 
output 
signals 
may 
vary 
from 
a few 
micro- 
seconds 
to many 
seconds. 
The timer 
hardware 
consists 
of 


an 8-bit control 
and status 
register, 


a 16-bit 
free running 
counter, 
a 16-bit 
output 
compare 
register, 


a 16-bit 
input 
capture 
register 
A block 
diagram 
of the timer 
registers 
is shown 
in Figure 
13. 


• 
Free Running 
Counter 
($O009:$OOOA) 
The 
key element 
in the programmable 
timer 
is a 16-bit 
free 


running 
counter 
which 
is driven 
to increasing 
values 
by E (En- 


able). 
The 
counter 
value 
may 
be read 
by the 
CPU software 
at 
any 
time. 
The 
counter 
is cleared 
to zero 
by reset 
and may 
be 
considered 
a read-only 
register 
with 
one 
exception. 
Any 
CPU 
write 
to the counter's 
address 
($09) 
will always 
result 
in preset 
value 
of $FFF8 
being 
loaded 
into 
the counter 
regardless 
of the 
value 
involved 
in the 
write. 
This 
preset 
figure 
is intended 
for 
testing 
operation 
of 
the 
part, 
but 
may 
be 
of 
value 
in some 


applications. 
• 
Output 
Compare 
Register 
($OOOB:$OOOC) 
The 
Output 
Compare 
Register 
is a 16-bit 
read/write 
register 


which 
is used 
to control 
an output 
waveform. 
The 
contents 
of 


this 
register 
are constantly 
compared 
with 
the current 
value 
of 


the 
free 
running 
counter. 
When 
a match 
is found, 
a flag is set 


(OCF) 
in the Timer 
Control 
and Status 
Register 
(TCSR) 
and the 


current 
value 
of 
the 
Output 
Level 
bit (OLVL) 
in the TCSR 
is 
clocked 
to 
the 
Output 
Level 
Register. 
Providing 
the 
Data 


Direction 
Register 
for 
Port 
2, 
Bit 
I contains 
a "I" 
(Output), 


the output 
level register 
value 
will appear 
on the pin for Port 2 


Bit 
I. The 
values 
in the Output 
Compare 
Register 
and 
Output 
Level 
bit 
may 
then 
be changed 
to control 
the 
output 
level on 
the 
next 
compare 
value. 
The 
Output 
Compare 
Register 
is set to 


$FFFF 
during 
reset. 
The 
Compare 
function 
is inhibited 
for 
one 
cycle 
following 
a write 
to 
the 
high 
byte 
of 
the 
Output 
Compare 
Register 
to insure 
a valid 
l6-bit 
value is in the register 
before 
a compare 
is made. 


• 
Input 
Capture 
Register 
($OOOD:$OOOEI 
The Input 
Capture 
Register 
is a l6-bit 
read-only 
register 
used 
to store 
the current 
value 
of the 
free running 
counter 
when 
the 


proper 
transition 
of an external 
input 
signal 
occurs. 
The 
input 
transition 
change 
required 
to 
trigger 
the 
counter 
transfer 
is 
controlled 
by the input 
Edge bit (IEDG) 
in the TCSR. 
The Data 


Direction 
Register 
bit 
for Port 
2 Bit 0, should· 
be clear 
(zero) 


in order 
to gate 
in the external 
input 
signal 
to the 
edge 
detect 
unit 
in the timer. 


The 
input 
pulse 
width 
must 
be 
at 
least 
two 
E-cycles 
to 
ensure 
an input 
capture 
under 
all conditions. 


* 
With 
Port 
2 Bit 
0 configured 
as an 
output 
and 
set 
to 
"I", 
the 
external 
input 
will still be seen by the edge detect 
unit. 
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T,mt. b7 
Control 
ICF OCF TOF 
Aod 
SII1U$ 
Rtg'$lt. 


see 


OutPUI 
Inpul 
Ltytl e. 
B'll 
B,t 0 


Por12 
Po.t2 


• 
Timer Control 
and Status 
Register 
(TCSR) ($0008) 


The 
Timer 
Control 
and 
Status 
Register 
consists 
of an 8-bit 


register 
of which 
all 8 bits are readable 
but only the low order 
5 
bits 
may 
be 
written. 
The 
upper 
three 
bits 
contain 
read-only 
timer status 
information 
and indicate 
the followings: 


• a proper 
transition 
has taken 
place 
on the input 
pin with a 


'subsequent 
transfer 
of 
the 
current 
counter 
value 
to 
the 


input 
capture 
register. 


• a 
match 
has 
been 
found 
between 
the 
value 
in 
the 
free 
running 
counter 
and the output 
compare 
register, 
and 
when 
$סס oo 
is in the free running 
counter. 


Each 
of the 
flags may 
be enabled 
onto 
the HD6803 
internal 


bus (IRQ,) 
with 
an individual 
Enable 
bit in the TCSR. 
If the 
I-bit 
in the HD6803 
Condition 
Code 
register 
has been cleared, 
a 
prior 
vectored 
interrupt 
will 
occur 
corresponding 
to 
the 
flag 
bit(s) 
set. A description 
for each bit follows: 
Bit 0 
Ol Vl 
Output 
Level - This value is clocked 
to the output 


level 
register 
on a 
successful 
output 
comp"re. 
If 


the 
DDR 
for 
Port 
~ bit 
I is set. 
the 
value 
will 


appear 
on the output 
pin. 
Bit I 
IEDG 
Input 
Edge - 
This bit controls 
which 
transition 
of 


an Itlput 
will 
trigger 
a transfer 
of 
the counter 
to 
the 
input 
capture 
register. 
The DDR for Port 
2 Bit 


o must 
be clear for this function 
to operate. 
IEDG 


= 0 
Transfer 
takes 
place 
on 
a 
negative 
edge 


("High"·to-"Lnw" 
transition). 
IEDG 
= I Transfer 
takes 
place 
on a positive 
edge 


("Low"-to·"High" 
transition). 


Bit 2 
ETOI 
Enable 
Timer 
Overflow 
Interrupt 
- 
When set, this 


bit enables 
IRQ, 
to occur 
on the internal 
bus for a 


TOF 
interrupt; 
when 
clear 
the 
interrupt 
is in- 


hibited . 
Bit 3 
EOCI 
Enable 
Output 
Compare 
Interrupt 
- 
When 
set, 


this bit enables 
IRQ, 
to appear 
on the internal 
'bus 


for an output 
compare 
interrupt; 
when 
clear 
the 


interrupt 
is inhibited 
. 
Bit 4 
EICI 
Enable 
input 
Capture 
Interrupt 
- 
When 
set, 
this 


bit enables 
IRQ, 
to occur 
on the internal 
bus for 


an input 
capture 
interrupt: 
when 
clear 
the 
inter- 


rupt 
is inhibited. 
Bit 5 TOF 
Timer 
Overflow 
Flag 
- 
This 
read-only 
bit 
is set 


when 
the counter 
contains 
$FFFF.1t 
is cleared 
by 


a read of the TCSR 
(with 
TOF 
set) followed 
by an 
CPU read of the Counter 
($09). 


Bit 6 
OCF 
Output 
Compare 
Flag 
- 
This 
read-only 
bit ,s set 


when 
a 
match 
is 
found 
between 
the 
output 


compare 
register 
and the free running 
counter. 
It is 


cleared 
by 
a read 
of 
the 
TCSR 
(with 
OCF 
set) 


followed 
by an CPU 
write 
to the 
output 
compare 


register 
(SOB or SOC). 


Bit 7 ICF 
Input 
Capture 
Flag 
- 
This 
read-only 
status 
bit is 


set by a proper 
transition 
on the Itlput, 
it is cleared 


by a read of the TCSR (with 
ICF set) followed 
by 


an CPU read 
of the 
Input 
Capture 
Register 
($OD). 
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• 
SERIAL 
COMMUNICATIONS 
INTERFACE 


The 
HD6803 
contains 
a 
full-duplex 
asynchronous 
serial 


communications 
interface 
(SCI) 
on 
chip. 
The 
controller 


comprises 
a transmitter 
and a receiver 
which 
operate 
independ- 


ently 
or each 
other 
but in the same data 
format 
and at the same 


data 
rate. 
Both 
transmitter 
and receiver 
communicate 
with 
the 
CPU via the data 
bus 
and with 
the 
outside 
world 
via pins 
2, 3, 
and 
4 of Port 
2. The 
hardware, 
software, 
and 
registers 
are ex- 
plained 
in the following 
paragraphs. 


• 
Wake-Up 
Feature 


In 
a 
typical 
multi-processor 
application, 
the 
software 
protocol 
will usually 
contain 
a destination 
address 
in the initial 


byte(s) 
of 
the 
message. 
In order 
to permit 
non-selected 
MPU's 
to 
ignore 
the 
remainder 
of 
the 
message, 
a wake-up 
feature 
is 


included 
whereby 
all 
further 
interrupt 
processing 
may 
be 


optionally 
inhibited 
until 
the 
beginning 
of 
the 
next 
message. 


When 
the 
next 
message 
appears, 
the 
hardware 
re-enables 
(or 


"wakes-up") 
for 
the 
next 
message. 
The 
"wake-up" 
is auto- 
matically 
triggered 
by 
a string 
of 
ten 
consecutive 
l's 
which 


indicates 
an 
idle 
transmit 
line. 
The 
software 
protocol 
must 


provide 
for 
the short 
idle period 
between 
any 
two consecutive 
messages. 


• 
Programmable 
Options 


The 
folloWing 
features 
of the 
HD6803 
serial 
I/O section 
are 
programmable: 
· format 
- standard 
mark/space 
(NRZ) 


• Clock 
- external 
or internal 


• baud 
rate 
- 
one 
of 4 per 
given CPU ",. clock 
frequency 
or 
external 
clock ;.;8 input 
• wake-up 
feature 
- enabled 
or disabled 


• Interrupt 
reque.~ts 
- 
enabled 
or 
masked 
individually 
for 
transmitter 
and receiver 
data registers 


• clock 
output 
- 
internal 
clock 
enabled 
or disabled 
to Port 


2 (Bit 2) 
• Port 
2 (bits 
3 and 4) - 
dedicated 
or not dedicated 
to serial 


I/O individually 
for transmitter 
and receiver. 


• 
Serial Communications 
Hardware 


The 
serial 
communications 
hardware 
is 
controlled 
by 
4 


registers 
as shown 
in Figure 
14. The registers 
include: 
• an 8-bit control 
and status 
register 
• a 4-bit 
rate and mode 
control 
register 
(write 
only) 
• an 8-bit read only 
receive 
data 
register 
and 


• an 8-bit write 
only 
transmit 
data register. 


In addition 
to the four registers, 
the serial I/O section 
utilizes 
bit 3 (serial 
input) 
and bit 4 (serial 
output) 
of Port 
~. Bit ~ of 


Port 
~ is utilized 
if the 
internal-clock-out 
or external-clock-in 


options 
are selected. 


Transmit/Receive 
Control 
and Status 
(TRCS) 
Register 


TI,e TRCS 
register 
consists 
of an 8-bit 
register 
of which 
all 8 
bits 
may 
be 
read 
while 
only 
bits 
0-4 
may 
be written. 
The 


register 
IS 
initialized 
to $20 
by 
reset. 
The 
bits 
in the 
TRCS 


register 
are defined 
as follows: 


Rate and Mode Conttol 
R~I5ter 
BIt 0 


~S10 


Transmll/ReCf:llle 
Control 
and 
SlClluS 
Reg,sler 


$11 


"Wake-up" 
on 
Next 
Message 
- 
set 
by 
HD6803 
software 
and 
cleared 
by 
hardware 
on 
receipt 
of 
ten 
consecutive 
I's 
or 
reset 
of RE nag. 
II should 


be noted 
that 
RE nag should 
be set in advance 
of 
CPU set ofWU 
flag. 


Transmit 
Enable 
- 
set 
by 
HD6803 
to 
produce 


pream ble 
of 
nine 
consecutive 
I's 
and 
to enable 
gating 
of 
transmitter 
output 
to 
Port 
2. 
bit 
4 


regardless 
of the 
DDR 
value corresponding 
to this 


bit; 
when 
clear. 
serial 
I/O has no effect 
on Port 
2 


bit 4. 
TE set should 
be after 
at least one bil time uf data 


transmit 
rate 
from 
the 
set-up 
uf 
transmit 
data 


rale and Illuue. 


Transmit 
Interrupt 
Enable 
- 
when 
set, will pennit 


an IRQ, 
interrupt 
to occur 
when 
bit 5 (TDRE) 
is 
set: 
when 
clear, 
the 
TDRE 
value 
is masked 
from 
the bus. 
Receiver 
Enable 
- 
when 
set, gales 
Port 
~ bit 3 10 


input 
of receiver 
regardless 
of DDR 
value 
for Ihis 
bit: when 
clear, 
serial 
I/O has no effect 
on Purt 
~ 


bit 3. 
Receiver 
Interrupt 
Enable 
- 
when 
set, will permit 


an IRQ, 
interrupt 
to occur 
when 
bit 7 (RDRFJ 
or 
bit 
6 (OR FE) 
is set; 
when 
clear, 
the 
interrupt 
is 
masked. 
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Bil 5 TORE 
Transmit 
Data 
Register 
Empty 
- 
set by hardware 
writing 
a new 
byte 
into 
the 
transmit 
data 
register, 


when 
a transfer 
is made 
from 
the 
transmit 
data 
TDRE 
is initialized 
to I by reset. 


register 
to the output 
shift register. 
The TORE 
bit 
Bit 6 OR FE 
Over· Run· Framing 
Error 
- 
set by hardware 
when 
is 
cleared 
by 
reading 
the 
status 
register. 
then 
an overrun 
or framing 
error 
occurs 
(receive 
only). 


Rate and Mode Control 
Register 


An overrun 
is defined 
as a new byte 
received 
with 


last 
byte 
still 
in Data 
Register/Buffer. 
A framing 


error 
has occured 
when 
the byte 
boundaries 
in bit 


stream 
are 
not 
synchronized 
to 
bit 
counter. 
If 


WU·f1ag is set, the ORFE 
bit will not 
be set. The 


ORFE 
bit 
is c1eard by reading 
the status 
register, 
then 
reading 
the 
Receive 
Data 
Register. 
or 
by 


reset. 


Bit 7 RORF 
Receiver 
Data 
Register 
Full·set 
by hardware 
when 


a 
transfer 
from 
the 
input 
shift 
register 
to 
the 
receiver 
data 
register 
is made. 
II' WU·f1ag is set, the 
RDRF 
bit will not be set. The RDRF 
bit is cleared 


by 
reading 
the 
status 
register, 
then 
reading 
the 
Receive 
Data Register. 
or by reset. 


Rate and Mode Control 
Register 
(RMCR) 


The 
Rate 
and 
Mode 
Control 
register 
controls 
the 
following 


serial I/O variables: 
• Baud rate 


• format 
• clocking 
source. 


• Port 
2 bit 2 configuration 
The 
register 
consists 
of 4 bits all of which 
are write·only 
and 
cleared 
by reset. 
The 4 bits in the register 
may be considered 
as 


a pair of 2·bit 
fields. The two low order 
bits control 
the bit rate 
for 
internal 
clocking 
and 
the 
remaining 
twq 
bits 
control 
the 


format 
and 
clock 
select 
logic. 
The 
register 
definition 
is as 


follows: 
Bit 0 
SSO} 
Speed 
Select 
- 
These 
bits 
select 
the Baud rate fo'r 


Bit I 
SS, 
the 
internal 
clock. 
The 
four 
rates 
which 
may 
be 
selected 
are 
a 
function 
of 
the 
CPU 
tll2 
clock 
frequency. 
Table 
5 lists the available 
Baud rates. 


Bit 2 
CCO} Clock 
Control 
and 
Format 
Select 
- 
this 2·bit 
field 


Bit 3 
CC, 
conlrols 
the format 
and ~Iock select 
logic. Table 6 


defines 
the bit field. 


XTAL 
2.4576 
MHz 
4.0 MHz 
4.9152 
MHz' 


SS1 : SSO 
E 
614.4 
kHz 
1.0 MHz 
1.2288 
MHz 


0 
0 
E -;- 16 
26 /,s/38,400 
Baud 
16 /,s/62,500 
Baud 
13.0/,,/76,800 
Baud 


0 
1 
E -;-128 
208/,,/4,800 
Baud 
128/,s/7812.5 
Baud 
104.2/,s/9,600 
Baud 


1 
0 
E -;-1024 
1.67 m,/600 
Baud 
1.024 
ms/976.6 
Baud 
833.3 
/,s/l,200 
Baud 


1 
1 
E -;-4096 
6.67 
ms/150 
Baud 
4.096 
m,/244.1 
Baud 
3.33 
ms/300 
Baud 


CC1: 
CCO 
Format 
Clock 
Source 
Port 2 Bit 2 
Port 
2 Bit 3 
Port 2 Bit 4 


0 
0 
- 
- 
- 
- 
- 


0 
1 
NRZ 
Internal 
Not Used 
.. 
.. 


1 0 
NRZ 
Internal 
Output· 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 


Internally 
Generated 
Clock 
If the 
lIser wishes 
for 
the 
serial 
I/O to furnish 
a clock, 
the 


follOWing requirements 
are applicable: 


· the 
V;J)ues 
of 
RE and 
TE iJre lI11l1laterlal. 


• (C I . (CO must 
he set to 10 


• the 
maxImum 
clock 
rale 
Will he E -:--10. 


• the 
dock 
w"l 
he at 
Ix 
the 
hI! rate 
and will have a rISing 


('dge 
Jt mid-hit. 


Externally 
Generated 
Clock 
If the user wishes 
to provide 
an external 
clock 
for the serial 


I/O. the following 
requirements 
are applicable: 


• Ihe CC I, (CO, 
field 
in the Rale 
and Mode Control 
Register 


must 
be set to I I, 


• the external 
clock 
must 
be sel to 8 times 
(x8) 
the deSIred 


baud 
rate and 


• the maximum 
external 
clock 
frequency 
IS 1.0 MHz . 
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• 
Serial Operations 
The 
serial 
I/O hardware 
should 
be initialized 
by the HD6803 
software 
prior 
to operation. 
This sequence 
will normally 
consist 


of; 


• writing 
the 
desired 
operation 
control 
bits 
to the 
Rate 
and 


Mode Control 
Register 
and 


• writing 
the desired 
operational 
control 
bits in the Transmit/ 


Receive 
Control 
and Status 
Register. 


The Transmitter 
Enable 
(TE) 
and 
Receiver 
Enable 
(RE) 
bits 
may be left set for dedicated 
operations. 


Transmit 
Operations 


The 
transmit 
operation 
is enabled 
by 
the 
TE 
bit 
in 
the 
Transmit/Receive 
Control 
and 
Status 
Register. 
This 
bit 
when 


set, gates the output 
of the serial transmit 
shift 
register 
to Port 
~ 
Bit 4 and 
takes 
unconditional 
control 
over 
the Data 
Direction 
Register 
value for Port 2, Bit 4. 


Following 
a RES 
the 
user 
should 
configure 
both 
the 
Rate 


and 
Mode 
Control 
Register 
and 
the 
Transmit/Receive 
Control 


and 
Status 
Register 
for desired 
operation. 
Setting 
the 
TE 
bit 
during 
this 
procedure 
initiates 
the 
serial 
output 
by 
first 


transmitting 
a nine-bit 
preamble 
of 1'so Following 
the preamble, 


internal 
synchronization 
is 
established 
and 
the 
transmitter 


section 
is ready 
for operation. 


At this point 
one of two situation 
exist: 


I) if the 
Transmit 
Data 
Register 
is empty 
(TDRE 
= I). 
a 


continuous 
string 
of 
ones 
will 
be sent 
indicating 
an idle 
line. or. 


~) if data 
has been 
loaded 
into 
the Transmit 
Data 
Register 


(TDRE 
= 0), 
the 
word 
is transferred 
to the output 
shift 


register 
and transmission 
of the data word 
will begin. 
During 
the .data 
transmit, 
the 0 start 
bit is first 
transmitted. 
Then 
the 
8 data 
bits (beginning 
with 
bit 0) followed 
by the stop 
bit, 
are 
transmitted. 
When 
the 
Transmitter 
Data 
Register 
has 


been emptied, 
the hardware 
sets the TDRE 
flag bit. 


If the HD6803 
fails to respond 
to the flag within 
the proper 


time, 
(TDRE 
is still set when 
the next nom1al 
transfer 
from 
the 
parallel 
data 
register 
to the serial 
output 
register 
should 
occur) 
then 
a 
I will 
be 
sent 
(instead. 
of 
a 0) 
at 
"Start" 
bit 
time. 


followed 
by 
more 
l's 
until 
more 
data 
is supplied 
to 
the data 
register. 
No O's will be sent while TDRE 
remains 
a I. 


Receive Operation 


The .receive 
operation 
is enabled 
by the RE bit which 
gates in 


the 
serial 
input 
through 
Port 
~. Bit 
3. 
The 
receiver 
section 


operation 
is conditioned 
by 
the 
contents 
of 
the 
Transmit/ 


Receive 
Control 
and 
Status 
Register 
and 
the 
Rate 
and 
Mode 


Control 
Register. 


The 
receiver 
bit 
interval 
is divided 
into 
R sub-intervals 
for 


internal 
synchronization. 
In 
the 
NRZ 
Mode. 
the 
received 
bit 


stream 
is synchronized 
by the first 0 (space) 
encountered. 


The 
approximate 
center 
of 
each 
bit 
time 
is strobed 
during 
the next 
10 bits. 
If the 
tenth 
bit is not 
a 1 (stop 
bit) a framing 


error 
IS assumed. 
and bit OR FE is set. If the tenth 
bit as a 1 the 


data 
is transferred 
to 
the 
Receive 
Data 
Register. 
and inte;rupt 


flag RDRF 
is set. 
If RDRF 
is still set at the next 
tenth 
bit time. 
ORFE 
will be set. indicating 
an overrun 
has occurred. 
When the 
HD6803 
responds 
to either 
flag (RDRF 
or ORFE) 
by reading 


the status 
register 
followed 
by reading 
the Data 
Register. 
RDRF 


(or ORFE) 
will be deared 
. 


• 
RAM 
CONTROL 
REGISTER 


This 
register. 
which 
is 
addressed 
at 
50014. 
gives 
status 
inflHmation 
about 
the 
standby 
RAM. 
A 0 in the 
RAM enable 
bit 
(RAME) 
will 
disable 
the standby 
RAM, 
thereby 
protecting 


it 
at 
power 
down 
if Vcc 
Standby 
is held 
greater 
than 
VSBB 


volts, 
as explained 
previously 
in the 
signal description 
for VCC 


Standby. 


Bit 0 
Not used. 


Bit 1 
Not used. 


Bit ~ 
Not used. 


Bit 3 
Not 
used. 


Bit 4 
Not used. 


Bit 5 
Not used. 


Bit 6 RAME 
The 
RAM 
Enable 
cont rol bit 
allows 
the user 
the 
ability 
to disahle 
the standby 
RAM. This bit is set 
to a logic "I" 
by RES which 
enables 
the standby 


RAM and 
can be written 
to one or zero under 
pro· 
gram 
control. 
When 
the 
RAM 
is disabled. 
data 
is 
read from external 
memory. 


Bit 7 STBY 
The 
Standby 
Power 
bit is deared 
when 
the sland· 


PWR 
by voltage 
is removed. 
This 
bit is a read/write 
sta· 
tus flag that 
the user can read which 
indicates 
that 
the 
standby 
RAM 
voltage 
has been 
applied. 
and 


the data 
in the standby 
RAM is valid. 


• 
GENERAL 
DESCRIPTION 
OF 
INSTRUCTION 
SET 


The 
HD6803 
is upward 
object 
code 
compatible 
with 
the 


HD6800 
as it implements 
the 
full 
HMCS6ROO 
instruction 
set. 


The 
execution 
times 
of 
key instructions 
have been 
reduced 
to 


increase 
throughout. 
In 
addition. 
new 
instructions 
have 
been 
added: 
these 
include 
16-bit operations 
and a hardware 
multiply. 


Included 
in the instruction 
set section 
are the follOWing: 


o CPU Programming 
Model-Figure 
15. 


o Addressing 
modes 


• Accumulator 
and memory 
instructions 
- Table 
7 


· New instructions 
• Index 
register 
and stack 
manipulations 
instructions 
- Tahle 
X 


o Jump 
and hranch 
instructions 
- Table 
l) 


o Condition 
code register 
manipulatIOn 
instructions 
- Table 
10 


• Instructions 
Execution 
times 
in 
machine 
cycles. - 
Tahlc 


II 


o Summary 
of cyde 
by cyde 
operation 
- Table 
12 


· Summary 
of undefined 
instructions 
- Table 
13 


• 
CPU Programming 
Model 


The 
programming 
model 
for the 
HD6803 
is shown 
in Figure 


15. The 
double 
(D) 
accumulator 
IS physically 
the same 
as the 


Accumulator 
A concatenated 
with 
Ihe 
Accumulator 
B so that 


any 
operation 
using accumulator 
D will destroy 
informal 
ion in 
A and B. 
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115 
x 
01 
Index Regilteo' IX) 


115 
SP 
01 
St.clr. POinter (SPI 


1 


15 
PC 
01 
P'ogram 
Counter 
(PCI 


Carry/Borrow from MSB 
Oyedlow 
Zero 


Negative 
Interrupt 


Half 
Carry 
(F,om 
Bll 
31 


• 
CPU Addressing 
Modes 


The 
HD6S03 
S-bit 
micro 
processing 
unit 
has 
seven 
address 


modes 
that 
can 
be used 
by a programmer, 
with 
the addressing 


mode 
a function 
of both 
the type of instruction 
and the coding 


within 
the instruction. 
A summary 
of the 
addressing 
modes 
for 


a particular 
instruction 
can be found 
in Table 
11 along with 
the 


associated 
instruction 
execution 
time 
that 
is given in machine 


cycles. 
With a clock 
frequency 
of 4 MHz, 
these 
times would 
be 


microseconds. 
Accumulator 
(ACCX) 
Addressing 
In 
accumulator 
only 
addressing, 
either 
accumulator 
A or 


accumulator 
B is specified. 
These 
are one-byte 
instructions. 


Immediate 
Addressing 
In 
immediate 
addressing, 
the 
operand 
is contained 
in the 


second 
byte 
of the instruction 
except 
LDS and LDX which 
have 


the 
operand 
in the 
second 
and 
third 
bytes 
of the instruction. 


The CPU addresses 
this location 
when 
it fetches 
the immediate 


instruction 
for execution. 
These 
are two or three-byte 
instruc- 


tions. 
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Condition 
Code 


AddresSing 
Modes 
Register 


Operations 
MnemoniC 
IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Boolean! 
5 
4 
3 
2 
1 
0 
ArithmetiC 
Operation 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
= 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
88 
2 
2 
9B 
3 
2 
AB 
4 
2 
B8 
4 
3 
A+M-A 
I · 


I 
I 
I 
I 


ADD8 
C8 
2 
2 
D8 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-B 
I · 


I 
I 
I 
I 


Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
A 
B+M 
M + 1 ·A 
B ·· 


I 
I 
I 
I 


Add 
Accumulators 
ABA 
lB 
2 
1 
A+8 
·A 
I · 


I 
I 
I 
I 


Add 
With 
Carry 
~CA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C 
• A 
I · 


I 
I 
! 
I 


ADC8 
.3l-. 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M 
.•.C-B 
I · 


I 
I 
I 
I 
- 
AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M 
- A 
·· 


I 
I 
R · 
ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M- 
B 
·· 


: 
I 
R · 
Bit 
Test 
BIT A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
·· : 
I 
R · 
BIT B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
·· 


I 
I 
R · 
--- 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
00 - 
M 
·· 


R 
S 
R 
R 


CLRA 
4F 
2 
1 
00 - 
A 
·· 


R 
S 
R 
R 


CLRB 
5F 
2 
1 
00 ~ B 
·· 


R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
·· 


I 
I 
I 
I 


CMPB 
Cl 
2 
2 
Dl 
3 
2 
El 
4 
2 
F 1 
4 
3 
B-M 
·· 


I 
I 
I 
I 
-----_.- 
--_. 


Comparp 
CBA 
11 
2 
1 
A-B 
·· 


I 
! 
I 
I 
AccumuJalors 


Complement, 
l's 
COM 
63 
6 
2 
73 
6 
3 
M 
'M 
·· 


I 
I 
R 
S 


COMA 
43 
2 
1 
A-A 
·· 


I 
I 
R 
S 


COMB 
53 
2 
1 
B - 
B 
·· 


I 
I 
R 
S 


Complement, 
2', 
NEG 
60 
6 
2 
70 
6 
3 
00 - M -M 
·· 


I 
I (D@ 


(Negatel 
_"!EGA 
40 
2 
1 
00 - A - 
A 
·· 


I 
I 
I 
@ 


NEGB 
50 
2 
1 
00 - B 
• B 
·· 


I 
I Q)@ 


DeCimal 
Adlust. 
A 
DAA 
19 
2 
1 
Converts 
bmary 
add 
of 
BCD ·· 
I 
I 
I bJ 


characters 
mto 
BCD 
formal 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M - 1 -M 
·· I 
I 
@ · 
DECA 
4A 
2 
1 
A-I 
- A 
·· 


I 
I 
@ 
• 


DECB 
5A 
2 
1 
B-1 
• B 
·· 


I 
! 
@ 
• 
._-- 
Eltcluslve 
OR 
EORA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A0M~A 
·· 


I 
I 
R · 
EORB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
B G M 
B 
·· 


I 
: 
R · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M + 1 -M 
·· I 
: 
@ 
• 


INCA 
4C 
2 
1 
A + 1 -A 
·· 


I 
: 
@ 
• 


INCB 
5C 
2 
1 
B • 1 ·B 
·· 


I 
I 
@ · 
Load 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M 
·A 
·· 


I 
I 
R · 
Accumulator 
LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
·· 


I 
I 
R · 
Load 
Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M " 
- B. M 
·A 
·· I 
I 
R · 
Accumulator 


Multiply 
UnSigned 
MUL 
3D 
10 
1 
AyB 
·A 
B 
····· 


(!Jl 


OR 
Inclusive 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A·M-A 
·· 
: 
: 
R · 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B .•.M- 
B 
·· : 
! 
R · 
PU,>h Data 
PSHA 
36 
3 
1 
A 
~ Msp. 
SP 
1 
. SP 
······ 
PSHB 
37 
3 
1 
8 
1 
Msp. 
SP - 
, 
. SP 
······ 
Pull 
Data 
PULA 
32 
4 
1 
SP. 
1 
• SP. Msp 
·A 
······ 
PULB 
33 
4 
1 
SP .•. 1 - 
SP. Msp 
- 
8 
······ 
Rotate 
Left 
ROL 
69 
6 
2 
79 
6 
3 


~1 l{j:j 
1 
·· 


I 
I ® 
I 


ROLA 
49 
2 
1 
I I 
I : I fJ ·· 


! 
I~ f-t 


ROLB 
59 
2 
1 
B J 
C 
b7 
be ·· 


! 
: ® 
! 


ROlale 
Right 
ROR 
66 
6 
2 
76 
6 
3 
~)~TliiiiUJ ·· 


! : ® : 


RORA 
46 
2 
1 
·· : 
: ® : 


RORB 
56 
2 
1 
B 
C 
b7 
bQ ·· 
: 
: ® : 
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Addressing 
Modes 


Condition 
Code 


Register 


Operations 
Mnemonic 
INDEX 
EXTEND 
IMPLIED 
Boolean! 
5 
4 
3 
2 
1 
0 
IMMED. 
DIREcr 
Arithmetic 
Operation 


OP - 
: 
OP - 
: 
OP - 
r 
OP - 
r 
OP - 
: 
H 
I 
N 
Z 
V 
C 


Shih 
l.eft 
ASL 
6ll 
6 
2 
78 
6 
3 


M 
l 
- 
·· 


I 
I ® I 
Arithmp.tic 
ASLA 
48 
2 
1 
A 
[Hllllllll--o 
·· 


I 
I €' I 


ASL8 
58 
2 
1 
B 
e 
b1 
bO ·· 


I 
I 
6 
I 


Douhh! 
~hlh 
ASLD 
05 
3 
1 
~ 
ACC 
AI Acc B 
1...-0 ·· 


I 
l~ 
I 
Left, 
Arithrnptic 
A1 
AO B1 
BQ 


Shih 
RiQht 
ASR 
67 
6 
2 
77 
6 
3 
~l4'1 ~ 
·· 


I 
I ® I 
Arithmptic 
ASRA 
47 
2 
1 
I I I I I IbOl-Y ·· 


I 
I ® I 


ASRD 
57 
2 
1 


B 
.) 
·· 


I 
I ® I 


Shift 
RiRht 
LSR 
64 
6 
2 
74 
6 
3 
~l0--i I --- 
·· 
R I 
6 
I 


LOQical 
LSRA 
44 
2 
1 
I IIIIIJ~ 
·· 
R 
I ® I 


LSR8 
54 
2 
1 
B 
.7 
·· 
R 
I ® I 


0-1 
----> 


® 
Douhle 
Shih 
LSRD 
04 
3 
1 
Ace 
AI 
Ace 
B 
~ ·· 
R 
I 
I 
Right 
logical 
A7 
AO 81 
80 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
87 
4 
3 
A- 
M 
·· 


I 
I 
R · 
Accumulator 
STI\8 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
8-M 
·· 


I 
I 
R · 
Store 
Double 
ST[) 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 
A_ 
M 
·· 


I 
I 
R · 
Accumu 
lator 
B ~ M + 1 


Subtrilct 
SUBA 
BO 
2 
2 
90 
3 
2 
AD 
4 
2 
BO 
4 
3 
A-M~A 
·· 


I 
I 
I 
I 


SUB£> 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M~B 
·· 


I 
I 
I 
I 


Double 
Subtract 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
A: 
B-M 
:M+l--A 
:B ·· 


I 
I 
I 
I 


Subtract 
SBA 
10 
2 
1 
A-B~A 
·· 


I 
I 
I 
I 
Arcumulators 


Subtrtlct 
SBCA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C~A 
·· 


I 
I 
I 
I 
With 
Carry 
S8CB 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C~B 
·· 


I 
I 
I 
I 


Transfer 
TAB 
16 
2 
1 
A~B 
·· 


I 
I 
R · 
Accu'mulators 
TBA 
17 
2 
1 
B~A 
·· 


I 
I 
R · 
Test 
Zero 
or 
TST 
60 
6 
2 
70 
6 
3 
M - 00 
·· 


I 
I 
R 
R 
Minus 
TSTA 
40 
2 
1 
A-DO 
·· 


I 
I 
R 
R 


TSTB 
50 
2 
1 
B - 00 
·· 


I 
I 
R 
R 


Direct 
Artdressing 
In di'ect 
address'n~. 
the address 
of the operand 
is contained 
in the 
second 
byte 
of the instruction. 
Direct 
addressing 
allows 


the user 
to dire~tly 
address 
the lowest 
256 bytes 
in the machine 
i.e.. locations 
zero 
through 
255. 
Enhanced 
execution 
times 
are 


achieved 
by 
storing 
data 
in these 
locations. 
In most 
configura- 
tions, 
it should 
be 3 random 
access memory. 
These 
are two-byte 


instructions, 
Ext.nded 
Addressing 


In extended 
addressing. 
the address 
contained 
in the second 
hvte 
nf 'he instruct,nn 
is-used as the higher 
R-bits of the address 
01' the nperand. 
The 
thltd 
hyte 
of the ~nstruction 
IS used as the 
Inwer 
R-hllS of the address 
for the operand. 
This IS an absolute 


dddress 
in memory. 
These 
:He three-byte 
inSlructions. 
Indexed 
Addressing 


In indexed 
addressing. 
the 
address 
contained 
in the second 
hyte 
of 
the 
instruction 
~is :ldded 
to 
the 
index 
reg.lster's 
lowest 


8-bits 
in 
the 
CPU. 
The 
carry 
is 
then 
added 
tn 
the 
higher 


order 
g-bits 
of the 
index 
register. 
This 
result 
is then 
used 
to 


address 
memory. 
The 
modified 
address 
is held 
in a temporary 


address 
register 
so there 
is no change 
to the index 
register. 
These 


are two-byte 
instructions. 


Implied 
Addressing 
In 
the 
implied 
addressing 
mode 
the 
instruction 
gives 
the 


address 
(i.e .. 
stack 
pointer, 
index 
register, 
etc.). 
These 
are 
one-byte 
instructions. 


Relative 
Addressing 
In 
relative 
addressing, 
the 
address 
contained 
in the 
second 


byte 
of the instruction 
is added 
to the program 
counter's 
lowest 
8-bits 
plus two. 
The carry 
or borrow 
is then 
added 
to the 
high 
g·bits. 
This 
allows 
the 
user 
to address 
data 
wllhin 
a range 
of 


-126 
to 
+129 
hytes 
of the present 
instructIon. 
These 
are two- 
byte 
Instructions. 
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• 
New Instructions 
In addition 
to 
the 
existing 
6800 
Instruction 
Set, 
the 
following 
new 
mstructlOns 
are 


incorporated 
in the HD6803 
Microcomputer. 


ABX 
Adds 
the 8-bit unsigned 
accumulator 
B to the 
16-bit X-Register 
taking 
into account 


the possible 
carry 
out of the low order 
byte 
of the X-Register. 


ADDD 
Adds 
the 
double 
precision 
ACCD' 
to the double 
preCISIOII value M: M+ I and places 
the results 
in ACCD. 


ASLD 
Shifts 
all bits 
of ACCD 
one place 
to the left. Ilit 0 is loaded 
with zero. 
The C bit is 


loaded 
from 
the most significant 
bit of ACCD. 
LDD 
Loads 
the 
cuntents 
of 
double 
precision 
memory 
locatIOn 
mto 
the 
double 


accumulator 
A:B. The condition 
codes 
are set according 
to the data. 
LSRD 
Shifts 
all bits of ACCD 
one place 
to the right. 
Bit 15 is loaded 
with 
zero. The C bit 
is loaded 
from 
the least significant 
bit to ACCD. 


MUL 
Multiplies 
the 
8 bits in accumulator 
A with 
the 8 bits in accumulator 
Ilto 
obtain 
a 


l6·bit 
unsigned 
number 
in A:B, ACCA contains 
MSB of result. 


PSHX 
The contents 
of the index 
register 
is pushed 
onto 
the stack 
at the address 
con tamed 


in the stack 
pointer. 
The stack 
pointer 
is decremented 
by 2. 


PULX 
The 
index 
register 
is 
pulled 
from 
the 
stack 
beginning 
at 
the 
current 
address 


contained 
in the stack 
pointer 
+l.The 
stack 
pointer 
is incremented 
by 2 in total. 


STD 
Stores 
the contents 
of double 
accumulator 
A:B in memory. 
The contents 
of ACCD 


remain 
unchanged. 


SUBD 
Subtracts 
the 
contents 
of 
M:M + I from 
the contents 
of double 
accumulator 
AB 


and places 
the result 
in ACCD. 


BRN 
Never 
branches. 
If effect, 
this instruction 
can be considered 
a two 
byte 
NOP 
(No 
operation) 
requiring 
three 
cycles 
for execution. 
CPX 
Internal 
processing 
modified 
to 
permit 
its 
use 
with 
any 
conditional 
branch 
in- 


struction. 


-ACeD'is 
the 
16 bit 
register 
(A: B) formed 
by 
concatenating 
the 
A and 
B accumulators. 
The 
A·accumu- 


lator 
is the most 
significant 
byte. 


Addressmg Modes 
ConditIon 
Code 


Boolean! 
RegIster 
POinter 
Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 
1 
0 


DP - 
: 
OP - 
: 
OP - 
: 
OP - 
: 
OP - 
= 
H 
I 
N 
Z 
V 
C 


Compare Index Reg 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
8C 
6 
3 
X-M:M+l 
·· 


I I 
I 
I 


Decrement 
Index 
Reg 
DEX 
09 
3 
1 
X -1- 
X 
··· 


I ·· 
Decrement 
Stack 
Pntr 
DES 
34 
3 
1 
SP - 
, - 
SP 
······ 
Increment 
Index 
Reg 
INX 
08 
3 
1 
X + 1 ....•.X 
··· 


I ·· 
Increment 
Stack 
Pntr 
INS 
31 
3 
1 
SP+l 
....•SP 
······ 
Load Index Reg 
LDX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M- 
XH.IM+ 
11- 
XL ··J 
I 
R'. 


Load Stack 
Pntr 
LDS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
8E 
5 
3 
M- 
SPH.IM+lI-SPL 
· • 
'7 
I 
R · 
Store 
Index 
Reg 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH""" 
M, XL ....•.(M + 1) · 


.(j) I 
R · 
Store 
Stack 
Pntr 
STS 
9F 
4 
2 
AF 
5 
2 
8F 
5 
3 
SPH - 
"'.SPL 
-IM+ll ·· 
7 
I 
R · 
Index 
Reg ....•Stack 
Pntr 
TXS 
35 
3 
1 
X-I 
- 
SP 
······ 
Stack 
Pntr ....•Index 
Reg 
TSX 
30 
3 
1 
SP + , - 
X 
······ 
Add 
A8X 
3A 
3 
1 
B+X-X 
······ 
Push Data 
PSHX 
3C 
4 
1 
XL - 
M",. 
SP - 1 - 
SP ······ 
XH -- Msp. SP - 1 -+ SP 


Pull Data 
PULX 
38 
5 , 
SP + 1 -+ SP. Msp -- X H ·····i· 
SP + 1 -.. SP. Msp -.. Xl 
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Addressing Modes 
Condition 
Code 


Register 


Operations 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTND 
IMPLIED 
Branch Test 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
·• ···· 
Branch Never 
BRN 
21 
3 
2 
None 
···• ·· 
Branch If Carry Clear 
BCC 
24 
3 
2 
CoO 
· • ··• · 
Branch If Carry Set 
BCS 
25 
3 
2 
C - 1 
······ 
Branch If = Zero 
BEG 
27 
3 
2 
Z = 1 
··• ··· 
Branch If ;;.,Zero 
BGE 
2C 
3 
2 
N0v,0 
······ 
Branch If > Zero 
BGT 
2E 
3 
2 
Z + IN 0 
VI- 
0 
···· • • 


Branch If Higher 
BHI 
22 
3 
2 
C+Z-O 
······ 
Branch If "- Zero 
BLE 
2F 
3 
2 
Z+ 
IN 0 
VI = 1 
······ 
Branch If Lower Or 
BLS 
23 
3 
2 
C + Z = 1 
······ 
Same 


Branch If < Zero 
BLT 
20 
3 
2 
N 0 
V= 
1 
······ 
Branch If Minus 
BMI 
2B 
3 
2 
N'1 
······ 
Branch If Not Equal 
BNE 
26 
3 
2 
ZoO 
······ 


Zero 


Branch If Overflow 
BVC 
2B 
3 
2 
V'O 
······ 


Clear 


Branch If Overflow 
Set 
BVS 
29 
3 
2 
V = 1 
······ 
Branch If Plus 
BPL 
2A 
3 
2 
N=O 
·····• 
Branch To Subroutine 
BSR 
BD 
6 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To Subroutine 
JSR 
90 
5 
2 
AD 
6 
2 
BD 
6 
3 
······ 


No Operation 
NOP 
01 
2 
1 
Advances Prog. Cntr. ······ 
Only 


Return 
From 
Interrupt 
RTI 
3B 
10 
1 
-@- 


Return 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 
S · • ·· 
Wait for Interrupt 
WAI 
3E 
9 
1 
• ® • ··· 


IAddressingModes 
Condition 
Code Register 


Operations 
Mnemonic 
IMPLIED 
Boolean Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 
1 
O-C 
· · · · · 
R 


Clear Interrupt 
Mask 
CLI 
OE 
2 
1 
0-1 
· 
R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 
R · 
Set Carry 
SEC 
00 
2 
1 
1-C 
· · · · · 


S 
Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1- 
I 
· 
S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
1-V 
· · · · 
S 
• 


Accumulator 
A ....•CCR 
TAP 
06 
2 
1 
A_ 
CCR 
---~ 
g)--- 


CCR ....•Accumulator 
A 
TPA 
07 
2 
1 
CCR - 
A 
· • I• · • I· 


Condition 
Code Register Notes: 
(Bit set it test is true and cleared otherwise) 


1 (Bit VI 
Test: Result'" 
100000007 
IBit C) 
Test: Result'" 
OOOOOOOO? 
(Bit Cl 
Test: Decimal value of most significant 
BCD Character greater than nine? (Not cleared If previously set) 


(Bit V) 
Test: Operand 
= 10000000 
prior to execution7 


(Bit V) 
Test: Operand 
= 0111111' 
prior to execution7 


(Bit V) 
Test· Set equal to result of N (±) C after shift has occurred. 


(Bit N) 
Test: Result lessthan zer07 (Bit 15 = 1) 
(All) 
Load Condition 
Code Register from Stack. (See Special Operations) 


(Bit 
I) 
Set when interrupt 
occurs. If previously set, a Non-Maskable 
Interrupt 
is required to exit the wait state. 


(All) 
Set according to the contents of Accumulator 
A. 


(Bit (;) 
Set equal to result of Bit 7 (ACCB) 
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HD6803,HD6803-1 


Table 11 
Instruction Execution Times in Machine Cycle 


ACCX 
Imme· 
Direct 
Ex- 
In- 
1m- 
A.- 
ACCX 
Imme· 
Direct 
Ex· 
In· 
1m· 
A.- 


diate 
tended 
de xed 
plied 
lative 
diate 
tended 
de xed 
plied 
lative 


ABA 
2 
INX 
• 
3 
ABX 
3 
JMP 
3 
3 
ADC 
3 
4 
4 
JSA 
5 
6 
6 
ADD 
• 
3 
4 
4 
LOA 
2 
3 
4 
4 
ADDD 
5 
6 
6 
LDD 
3 
4 
5 
5 
AND 
3 
4 
4 
LOS 
3 
4 
5 
5 


ASL 
2 
6 
6 
LOX 
3 
4 
5 
5 
ASLD 
LSA 
6 
6 
ASA 
6 
6 
LSAD 
3 
BCC 
3 
MUL 
10 
BCS 
3 
NEG 
6 
6 
BED 
~ 
3 
NDP 
2 
BGE 
3 
OAA 
4 
4 
BGT 
3 
PSH 


BHI 
3 
PSHX 
4 
BIT 
4 
PUL 
4 
• 
BLE 
3 
PULX 
5 
BLS 
3 
AOL 
6 
6 
BLT 
3 
AOA 
6 
6 
BMI 
3 
ATI 
10 
BNE 
3 
ATS 
5 
BPL 
3 
SBA 
2 
BAA 
3 
SBC 
4 
BAN 
3 
SEC 


BSA 
6 
SEI 


BVC 
3 
SEV 


BVS 
3 
STA 
4 
4 
CBA 
2 
STD 
5 
5 
CLC 
2 
STS 
5 
5 
CLI 
2 
STX 
4 
5 
5 
CLA 
6 
6 
SUB 
4 
4 
CLV 
SUBD 
6 
6 
CMP 
4 
4 
SWI 
12 
COM 
6 
6 
TAB 
2 
CPX 
6 
6 
TAP 
• 
2 
DAA 
2 
TBA 
2 
DEC 
• 
6 
6 
TPA 
2 
DES 
TST 
6 
6 
DEX 
TSX 
3 
EOA 
4 
4 
TXS 
3 
INC 
6 
6 
WAI 
9 
INS 
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• 
Summary 
of Cycle by Cycle Operation 


Table 
12 provIdes 
a detailed 
description 
of the information 
present 
on the Address 
Bus. Data 
Bus, and the 
Read/Write 
line 


(R/W) 
during 
each cycle for each instruction. 


This 
information 
is useful 
in comparing 
actual 
with expected 


results 
dUring 
debug 
of 
both 
software 
and 
hardware 
as 
the 


control 
program 
is executed. 
The 
information 
IS categorized 
in 


groups 
according 
to addressing 
Illode 
and 
number 
of cycles 
per 


instruction. 
(In 
general, 
instructions 
with 
the 
same 
addressing 


mode 
and 
number 
of 
cycles 
execute 
in the 
same 
Illanner: 
ex- 
ceptions 
are indicated 
in the table). 


ADC 
EOR 
2 


I 


1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code Address 
+ 1 
1 
Operand 
Data 


AND 
ORA 


BIT 
SBC 


CMP 
SUB 


LOS 
3 
1 
Op Code Address 
1 
Op Code 
LOX 
2 
Op Code Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 


LDD 
3 
Op Code Address 
+ 2 
1 
Operand 
Data 
(Low 
Order 
Byte) 


CPX 
4 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 
ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Data (Low 
Order 
Byte) 


4 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
3 
1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 


AND ORA 
3 
Address 
of Operand 
1 
Operand 
Data 
BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Destination 
Address 


3 
DestinattOn 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Op Code Address 
1 
Op Code 
LOX 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
LDD 
3 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 
4 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
4 
1 
Op Code Address 
1 
Op Code 


STX 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 


STD 
3 
Address 
of Operand 
0 
Register 
Data (High Order 
Byte) 


4 
Address 
of Operand 
+ 1 
0 
RegISter Data 
(Low 
Crder 
Byte) 


CPX 
5 
1 
Op Code Address 
1 
Op Code 
SUBD 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
AD DO 
3 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


4 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
5 
1 
Op Code Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Subroutine 
Address 
1 
First Subroutine 
Op Code 


4 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


5 
Stack 
Pointer 
+ 1 
0 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code Address 
+ 1 
1 
Offset 


AND ORA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
a 
Operand 
Data 


LOS 
5 
1 
Op Code Address 
1 
Op Code 


LOX 
2 
Op Code Address 
+ 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


LOD 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
1 
Operand 
Data 
(Low Order 
Byte) 


STS 
5 
1 
Op Code Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Offset 


STD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
a 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
a 
Operand 
Data 
(Low Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 
COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current 
Operand 
Data 
DEC 
TSr 
5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 
INC 
6 
Index 
Register 
Plus Offset 
a 
New Operand 
Data 


CPX 
6 
1 
Op Code Add ress 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Offset 


AD DO 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
+ Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
First Subroutine 
Op Code 


5 
Stack 
Pointer 
a 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 1 
a 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Jump 
Address 
(High Order 
Byte) 


3 
Op Code Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Op Code Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


AND ORA 
3 
Op Code Address 
+ 2 
1 
Address 
of Operand 
(Low Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Destination 
Address 
(High Order 
Byte) 


3 
Op Code Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from 
Accumulator 


LOS 
5 
1 
Op Code Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


LDD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code Address 
1 
Op Code 


STX 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
(High Oruer 
Byte) 


STD 
3 
Op Code Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


CLR 
ROL 
3 
Op Code Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


COM 
ROR 
4 
Address 
of Operand 
1 
Current 
Operand 
Data 


DEC 
TSr 
5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


INC 
6 
Address 
of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code Address 
1 
Op Code 


SUBD 
2 
Op Code Address 
+ 1 
1 
Operand 
Address 
(High Order 
Byte) 


ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Address 
1 
Operand 
Data (High Order 
Byte) 


5 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Address 
of Subroutine 
(High Order 
Byte) 


3 
Op Code Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next 
Instruction 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 
- 
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ABA 
DAA SEC 
2 
1 
Op Code Address 
1 
Op Code 


ASL 
DEC 
SEI 
2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


ASR 
INC 
SEV 


CBA 
LSR 
TAB 


CLC 
NEG 
TAP 


CLI 
NOP 
TBA 


CLR 
ROL 
TPA 


CLV 
ROR 
TST 


COM SBA 


ABX 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ASLD 
3 
1 
Op Code 
Address 
1 
Op Code 
LSRD 
2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


DES 
3 
1 
Op Code Address 
1 
Op Code 


INS 
2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Previous 
Register 
Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Op Code Address 
1 
Op Code 
DEX 
2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PSHA 
3 
1 
Op Code Address 
1 
Op Code 


PSHB 
2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Stack 
Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Op Code of Ne xt Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PULA 
4 
1 
Op Code Address 
1 
Op Code 


PULB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Operand 
Data from 
Stack 


PSHX 
4 
1 
Op Code Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Index 
Register 
(Low 
Order 
Byte) 


4 
Stack 
Pointer 
- 1 
0 
Index 
Register 
(High Order 
Byte) 


PULX 
5 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Index 
Register 
(High Order 
Byte) 


5 
Stack 
Po inter 
+2 
1 
Index 
Register 
(Low 
Order 
Byte) 
RTS 
5 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Address 
of Next 
Instruction 


(High Order 
Byte) 


5 
Stack 
Pointer 
+ 2 
1 
Address 
of Next 
Instruction 


(Low Order 
By tel 


WAI" 
9 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 
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Address Mode & 
Cycles 
Cycle 
Address Bus 
RIW 
Data Bus 
Instructions 
;: 
Line 


WAI·· 
5 
Stack Pointer - 2 
0 
Index Register (Low Order Byte) 
6 
Stack Pointer - 3 
0 
Index Register (High Order Byte) 


7 
Stack Pointer - 4 
0 
Contents of Accumulator 
A 
B 
Stack Pointer - 5 
0 
Contents of Accumulator 
B 


9 
Stack Pointer - 6 
0 
Contents of Condo Code Register 


MUL 
10 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address + 1 
1 
Irrelevant Data 
3 
Address Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Address Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address Bus FFFF 
1 
Low Byte of Restart Vector 
6 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


7 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


8 
Address Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


10 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address + 1 
1 
Irrelevant Data 
3 
Stack Pointer 
1 
Irrelevant Data 


4 
Stack Pointer + 1 
1 
Contents of Condo Code Reg. 
from Stack 
5 
Stack Pointer + 2 
1 
Contents of Accumulator 
B 
from Stack 
6 
Stack Pointer + 3 
1 
Contents of Accumulator 
A 
from Stack 
7 
Stack Pointer + 4 
1 
Index Register from Stack 
(High Order Byte) 
8 
Stack Pointer + 5 
1 
Index Register from Stack 
(Low Order Byte! 
9 
Stack Pointer + 6 
1 
Next 
Instruction 
Address 
from 
Stack (High Order Byte! 


10 
Stack Pointer + 7 
1 
Next 
Instruction 
Address from 
Stack (Low Order Byte) 


SWI 
12 
1 
Op Code Address 
1 
Op Code 
2 
Op Code Address + 1 
1 
Irrelevant 
Data 
3 
Stack 
POinter 
0 
Return Address (Low Order Byte! 


4 
Stack Pointer - 
1 
0 
Return Address (High Order Byte) 


5 
Stack Pointer - 2 
0 
Index Register (Low Order Byte) 
6 
Stack POinter - 3 
0 
Index Register (High Order Byte) 


7 
Stack Pointer - 4 
0 
Contents of Accumulator 
A 
8 
Stack Pointer - 5 
0 
Contents of Accumulator 
B 
9 
Stack Pointer - 6 
0 
Contents of Condo Code Register 


10 
Stack Pointer - 7 
1 
I rrelevant 
Data 


11 
Vector Address FFFA (Hex! 
1 
Address 
of Subroutine 


(High Order Byte) 


12 
Vector Address FFFB (Hex) 
1 
Address of Subroutine 
(Low Order Byte! 


•• 
While 
the MPU 
IS In the 
"Walt" 
state, 
Its bus state 
Wilt appear as a series of MPU reads of an address 
which 
IS seven 
locations 
less than the 
original 
contents 
of 
the 
Stack 
POinter. 
Contrary 
to 
the 
H06800. 
none 
of 
the 
ports 
are driven 
to 
the 
high 
Impedance 
state 
by 
a WAI 


Instruction. 
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Address 
Mode & 
Cycles 
Cycle 
Address 
Bus 
R/W 
Data Bus 
Instructions 
# 
line 


BCC BHT 
BNE 
3 
1 
Op Code 
Address 
1 
Op Code 


BCS BlE 
BPl 
2 
Op Code 
Address 
+ 1 
1 
Branch 
Offset 


BEG 
BlS 
BRA 
3 
Address 
Bus F F F F 
1 
low 
Byte of Restart 
Vector 


BGE 
Bl T 
BVC 


BGT 
BMT BVS 
BRN 


BSR 
6 
1 
Op Code Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Branch 
Offset 


3 
Address 
Bus FFFF 
1 
low 
Byte of Restart 
Vector 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next 
Instruction 
5 
Stack 
Pointer 
a 
Return 
Address 
(low 
Order 
Byte) 


6 
Stack 
POinter 
- 
1 
a 
Return 
Address 
(High Order 
Byte) 


• 
Summary 
of Undefined 
Instruction 
Operations 


The 
HD6803 
has 36 underlined 
instructions. 
When these are 


carried 
out, 
the 
contents 
of 
Register 
and 
Memory 
in 
MPU 


change 
at random. 


When 
the 
op codes 
(4E. 
SE) are used 
to execute. 
the 
MPU 


continues 
to 
increase 
the program 
counter 
and it w.ill not 
stop 


until 
the 
Reset 
signal enters. 
These 
op codes 
are used to test the 


LSI. 


HD6803 
MICROPROCESSOR 
INSTRUCTIONS 


OP 
ACC 
ACC 
ACCA or SP 
Aces 
or X 


CODE 
A 
B 
INO 
EXT 
IMM I OIR I INO I EXT 
IMM I OIR 
IIND 
1EXT 


~ 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 1100111010 
11011 
1100111011111011111 


LO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
DIE 
I 
F 


0000 
0 ---- 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
1 
NOP 
CBA 
BRN 
INS - 


CMP 
1 


0010 
2 ---- 
~ 
BHI 
PULA 1+11 -- 


SBC 
2 


0011 
3 -- 
~ 
BLS 
PULB(+lI 
COM 
. 
SUBO 1+21 
AOOO 1+21 
3 


0100 
4 
LSRD (+11 ----- 
BCC 
DES 
LSR 
AND 
4 


0101 
5 
ASLD 1+11 ~ 
BCS 
TXS -- 


BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
BEQ 
PSHB 
ASR 
~I 
STA 
~I 
STA 
7 


1000 
B 
INX 1+11 ~ 
BVC 
PULX 1+21 
ASL 
EOR 
B 


1001 
9 
OEX(+lI 
OAA 
BVS 
RTS 1+21 
ROL 
AOC 
9 


1010 
A 
CLV 
~ 
BPL 
ABX 
DEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
RTI (+71 -- 


ADD 
B 


1100 
C 
CLC 
~ 
BGE 
PSHX 1+11 
INC 
CPX 1+21 
LODI+lI 
C 


1101 
D 
SEC / 
BLT 
MUL 1+71 
TST 
~+S4~I 
JSR 1+21 
• 1+1jl 
STD 1+11 
0 


1110 
E 
CLI 
~ 
BGT 
WAII+61 
_ •• ~ 'I 
JMP 1-31 
LOS 1+11 
LDX 1+11 
E 


1111 
F 
SEI 
~ 
BLE 
SWII+91 
CLR 
• 1+111 
STS (+11 
• 1+111 
STX 1+11 
F 


BYTE/CYCLE 
1/2 
1/2 
2/3 
1/3 
1/2 
1/2 I 2/6 
3/6 
2/2 I 2/3 I 2/4 I 3/4 
2/2 I 2/3 I 2/4 I 3/4 


1) 
Undefined 
Op codes are marked WIth ~ 
. 


21 
) Indicate 
that 
the number 
In parenthesIs 
must be added to the cvcle 
count for that Instruction, 


31 The 
Instructions 
shown 
below 
are all 3 bytes 
and are marked 
With ..•... 


Immediate 
addreSSing mode of SUBD. 
CPX. 
LOS. ADDD. 
LDD and LOX 
Instructions. 
and undefined 
op codes 
18F. CD. CFI. 


4) 
The 
Op 
codes 
(4E. 
SE) 
are 
1 by te/- 
cvcles 
InstructIons, 
and 
are 
marked 
With 
..••.. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


I\) 
~oo 
oi 


~~ 
~:I 
Cl> 
_ 
. 
~ 
• 
)Ii 
00(') 
~ :I 
C- 
O 
C/l 
Cl> 
()» 
<D~ 
~ 
NMt 
FFFC 
FFFO 


SWt 
FFFA 
FFFB 


iR<i";- 
FFFB 
FFF9 


tCF 
FFF6 
FFF7 


OCF 
FFF4 
FFF5 
TOF 
FFF2 
FFF3 
SCt 
FFFO FFFl 


Non·Maskable 
Interrupt 


Software 
Interrupt 


Maskable Interrupt 
Request 1 


Input Capture Interrupt 


Output 
Compare 
Interrupt 


Timer Overflow 
Interrupt 


SCt tnte"upt 
(TORE 
+ RORF 
+ ORFEI 


• 
Caution 
for the H06803 
Family 
SCI, TIMER 
Status 
Flag 


The 
flags 
shown 
in Table 
14 are cleared 
by 
reading/writing 


(flag 
reset 
condition 
2) the 
data 
register 
corresponding 
to each 


flag after 
reading 
the status 
register 
(flag reset condition 
I). 


To clear the flag correctly, 
take 
the following 
procedure: 


1. Read 
the status 
register. 


2. Test the flag. 
3. 
Read 
the data 
register. 


Status 
Flag 
Flag Reset 
Condition 
1 
Flag Reset 
Condition 
2 


(Status 
Register) 
(Data 
Register) 


ICF 
ICR/Read 


When each 
flag is "1", 
TIMER 
OCF 
OCR/Write 


TRCSR/Read 
TOF 
TC/Read 


RORF 
When each flag is "1". 
ROR/Read 


SCI 
ORFE 
TRCSR/Read 


TORE 
TOR/Write 
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HD6805S1-------- 
MCU (Microcomputer 
Unit) 


B. 
B, 


P~, 
CPu 
B, 
0••• 
PO" 
B, 
B 
I,,~. 
Con ••ol 
0•• 
B 
B, 
010 


Fllrg"'lr' 
-., -.. 
B, l,_, 


" 
e. 
Co"<""OI'l 
B, 


PO" 
" 
PO'! 
0,,1. 
Co<>. 


A 
" 
A 
0•• 
Fllr'il"a, 
CC 
''0 
A: 
-.. 
-.. 
CPu 


A, 
s,«~ 


A, 
Po,"'Ir' 
sP 


P'0'il'''''' 


C. ",,' 
C, 
C 
Co...".,. 
C, 
OlD 
I-i,g •.•.. pC" 
C, 
l,~ 
P'09'''''' 
Co...n1Ir' 


lo~ 
PCl 


The 
HD680SS1 
is 
the 
8·bit 
Microcomputer 
Unit 
(MCU) 


which 
contains 
a CPU, 
on-chip 
clock; 
ROM. 
RAM, 
I/O 
and 
timer. 
It 
is designed 
for 
the 
user 
who 
needs 
an 
economical 


microcomputer 
with 
the 
proven 
capabilities 
of 
the 
HD 


6800·based 
instruction 
set. 


The 
following 
are 
some 
of 
the 
hardware 
and 
software 
ltighlights 
of the M CU. 


• 
HARDWARE 
FEATURES 


• 
8-Bit Architecture 


• 
64 Bytes 
of RAM 


• 
Memory 
Mapped 
I/O 


• 
'100 
Bytes 
of User ROM 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 


• 
Vectored 
Interrupts 
- 
External 
and Timer 


• 
20 
TTLICMOS 
Compatible 
I/O 
Lines; 
II 
Lines 
LED 


Compatible 


• 
On·Chip 
Clock 
Circuit 


• 
Self-Check 
Mode 


• 
Master Reset 


• 
Low Voltage 
Inhibit 


• 
Easy for System 
Development 
and Debugging 


• 
5 Vdc Single Supply 


• 
Compatible 
with 
MC680SP2 


• 
SOFTWARE 
FEATURES 


• 
Similar 
to HD6800 


• 
Byte 
Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 


• 
Versatile 
Interrupt 
Function 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable 
as Registers/Flags 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes 
Apply 
to ROM, RAM and 
I/O 


• 
Compatible 
with 
MC680SP2 


(DP·28) 


• PIN 
ARRANGEMENT 


vss 
'An 


i1iff 
A, 


Vcc 
A. 


A, 


XTAL 
A. 


NUM 
A, 


TIMER 
A, 


HD680SS1 
A, 
c, 


C, 
A, 


C, 
B, 


C, 


B, 


B, 
B. 


B, 


(Top 
View) 


• 
BLOCK 
DIAGRAM 
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Item 
Symbol 
Value 
Unit 


Supply Vo Itage 
Vcc• 
-0.3 - 
+7.0 
V 


Input Voltage (EXCEPT 
TIMER) 
. 
-0.3-+7.0 
V 


Input Voltage (TIMER) 
Vin 
-0.3-+12.0 
V 


Operating Temperature 
Top< 
o -+70 
°c 


Storage Temperature 
Tno 
- 55 - 
+150 
°c 


• 
With respect to Vss (SYSTEM 
GND) 


(NOTE) 
Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded. It could affect reliability of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC=5.25V ± O.5V, Vss=GND, 
Ta=o-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 - 
Vcc 
V 


Input "High" 
Voltage 
INT 
3.0 
- 
Vcc 
V 


All Other 
V'H 
2.0 - 
Vcc 
V 


Input "High" 
Voltage (Timer) 
Timer Mode 
2.0 - 
Vcc 
V 


Self·Check Mode 
9.0 
- 
11.0 
V 


RES 
-0.3 
- 
0.8 
V 


INT 
-0.3 - 
0.8 
V 
Input "Low" 
Voltage 
EXTAL(Crystal 
Mode) 
V,L 
0.6 
-0.3 - 
V 


All Other 
-0.3 
- 
0.8 
V 


Power Dissipation 
Po 
- 
- 
700 
mW 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


TIMER 
-20 
- 
20 
IJ.A 


Input Leak Current 
INT 
I'L 
Vin=O.4V-Vcc 
-50 
- 
50 
IJ.A 


EXTAL(Crystal 
Mode) 
-1200 - 
0 
IJ.A 


Item 
Symbol 
Test Condition 
min 
typ 
max 
LJnit 


Clock Frequency 
tel 
0.4 
- 
4.0 
MHz 


Cycle Time 
tcyc 
1.0 
- 
10 
IJ.S 


Oscillation 
Frequency 
(External 
Resistor Mode) 
tEXT 
Rcp= 15.0k!!±1 % 
- 
3.4 
- 
MHz 


INT Pulse Width 
tlWL 


tcyc t 
- 
- 
ns 
250 


RES PuIseWidth 
tRWL 
tcyc + 
- 
- 
ns 
250 


TIMER Pulse Width 
tTWL 
tcvc + 
- 
- 
ns 
250 


Oscillation Start·up Time (Crystal Model 
tose 
CL=22pF ±20%, 
- 
- 
100 
ms 
Rs=60n 
max. 


Delay Time Reset 
tRHL 
External Cap. = 2.21J.F 
100 
- 
- 
ms 


I 
XTAL 
- 
- 
30 
pF 
Input Capacitance 


I 
All Other 
C,n 
V,n=OV 
- 
- 
10 
pF 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH - -101lA 
3.5 
- 
- 
V 


Port A 
2.4 
V 
IOH = -lOOIlA 
- 
- 


Output 
"High" 
Voltage 
VOH 
IOH = -2001lA 
2.4 
- 
- 
V 


Port 
B 
1.5 
V 
IOH = -1 
mA 
- 
- 


Port C 
IOH = -1001lA 
2.4 
- 
- 
V 


Port 
A and C 
IOl = 1.6 mA 
- 
- 
0.4 
V 


Output 
"Low" 
Voltage 
VOL 
IOl = 3.2 mA 
- 
- 
0.4 
V 


Port 
B 


IOl = 10 mA 
- 
- 
1.0 
V 


Input 
"High" 
Voltage 
VIH 
2.0 
- 
Vcc 
V 


Input 
"Low" 
Voltage 


Port A, B, C 
V1l 
-0.3 
- 
O.B 
V 


Vin = O.BV 
-500 
- 
- 
IlA 


Port A 
-300 
IlA 
Input 
Leak Current 
III 
Vin = 2V 
- 
- 


Port 
B, C 
Vin = 0.4V - 
VCC 
- 
20 
- 
20 
IlA 


Test Point 
0- 


Vi 


• 
SIGNAL 
DESCRIPTION 


The 
input 
and 
output 
signals 
for 
the 
MCU, 
shown 
in PIN 


ARRANGEMENT, 
are described 
in the follOWing paragraphs. 


• 
VCC 
and Vss 
Power 
is supplied 
to the 
MCU using 
these 
two 
pins. 
VCC is 
+5.25 
V ±O.5 V. VSS is the ground 
connection. 


• 
INT 
This 
pin provides 
the 
capability 
for asynchronously 
applying 


an external 
interrupt 
to the 
MCU. 
Refer 
to INTERRUPTS 
for 


additional 
information. 


• 
XTAL 
and 
EXTAL 


These 
pins 
provide 
connections 
for the on-chip 
clock 
circuit. 


A crystal 
(AT 
cut, 
4 MHz maximum), 
a resistor 
or an external 


signal 
can be connected 
to these 
pins 
to provide 
a system 
clock 


with 
various 
stability/cost 
tradeoffs. 
Refer 
to INTERNAL 
OS- 


CILLATOR 
OPTIONS 
for recommendations 
about 
these 
inputs. 


• 
TIMER 
This pin allows 
an external 
input 
to be used 
to decrement 
the 


internal 
timer 
circuitry. 
Refer 
to TIMER 
for additional 
infonna- 


tion about 
the timer 
circuitry. 


• 
RES 
This 
pin allows 
resetting 
of the MCU at times 
other 
than 
the 


automatic 
resetting 
capability 
already 
in 
the 
MCU. 
Refer 
to 


RESETS 
for additional 
information. 


• 
NUM 
This pin is not 
for user 
application 
and should 
be connected 


to VSS. 
• 
Input/Output 
Lines (Ao - 
A7, 
Bo - 
B7, Co - 
C3) 


,These 
20 lines 
are 
arranged 
into 
two 8-bit 
ports 
(A and 
B) 


and 
one 
4-bit 
port 
(C). 
All lines 
are 
programmable 
as either 


inputs 
or outputs 
under 
software 
control 
of the Data 
Direction 


Registers 
(DDR). 
Refer 
to 
INPUT/OUTPUT 
for 
additional 


information. 
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• MEMORY 
The MCU memory 
is configured 
as shown 
in Figure 
2. During 
the processing 
of an interrupt, 
the contents 
of the CPU 
registers 


are pushed 
on to the stack 
in the order 
shown 
in Figure 
3. Since 


the stack 
pointer 
decrements 
during 
pushes, 
the low order 
byte 


(PeL) 
of 
the 
program 
counter 
is stacked 
first; 
then 
the 
high 


order 
three 
bits 
(PCH) 
are 
stacked. 
This 
ensures 
that 
the 


program 
counter 
is 
loaded 
correctly 
as 
the 
stack 
pointer 


increments 
when 
it pulls 
data 
from 
the stack: 
A subroutine 
call 
will cause 
only 
the 
program 
counter 
(PCH, 
PeL) 
contents 
to be 
pushed 
onto 
the stack. 


Cau tion: 
- 
Sel f Test 
ROM Address 
Area 


Self 
test 
ROM 
locations 
can 
not 
be used 
for a user program. 


If the 
user's 
program 
is in this location, 
it will be removed 
when 
manufacturing 
mask 
for production. 


7 
0 
6 
5 
4 
3 
2 
0 
000 
I/O Ports 
$000 
0 
Port A 
$000 


Timer 
Port 
B 
$001 
RAM 


127 
(12B Bytes) 
2 
Port C 
$002 


128 
Page Zero 
3 
Not Used 
$003 


ROM 
4 
Port A DDR 
$004' 
255 
(128 
Bytes) 


256 
5 
Port B DDR 
$005' 


Not Used 
6 
Not Used 
Port 
C DDR 
$006' 
ROM 


959 
(704 
Bytes) 
$3BF 
Not Used 
$007 


960 
Main 
$3CO 
8 
Timer 
Data 
Reg 
$008 


ROM 
9 
Timer 
CTR L Reg 
$009 
1923 
(964 
Bytes) 
$783 


1924 
$784 
10 
$OOA 


Self Check 
Not Used 154 Bytes) 


ROM 


2039 
(116 
Bytes) 
$7F7 
63 
$03F 
2040 
Interrupt 
$7F8 
64 
RAM 164 Bytes) 
$040 


Vectors 
Stack 
ROM 
127 
$07F 


(8 Bytesl 
2047 
$7FF 
·Write-only 
registers 


Figure 
2 MCU Memory 
Configuration 


0 


A 
I Accumulator 


0 


X 
I Index 
RegIster 


10 
0 


I 


PC 
I Program 
Counter 


10 
5 4 
0 


~ 


SP 
I Stack 
POInter 


1 
1 
1I 
CondIt 
Ion 
Code Register 


Accumulator 


Index 
Register 


1 
1 
1 
1 '1 


pcw 


PCL' 


Negative 


Interrupt 
Mask 
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• 
REGISTERS 
The 
CPU 
has 
five 
registers 
available 
to 
the 
programmer. 


They 
are shown 
in Figure 
4 and are explained 
in the 
following 
paragraphs. 
• 
Accumulator 
(A) 
The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of 
arithmetic 
calculations 
or 
data 
manipulations. 
• 
Index 
Register 
(X) 
The 
index 
register 
is an 8-bit 
register 
used 
for the 
indexed 


addressing 
mode. 
It contains 
an 8-bit address 
that 
may be added 


to 
an 
offset 
value 
to 
create 
an 
effective 
address. 
The 
index 
register 
can 
also 
be 
used 
for 
lim ited 
calculations 
and 
data 
manipulations 
when 
using read/modify/write 
instructions. 
When 


not 
required 
by 
a code 
sequence 
being 
executed, 
the 
index 
register 
can be used as a temporary 
storage 
area. 


• 
Program 
Counter 
(PC) 
The 
program 
counter 
is an 
II-bit 
register 
that 
contains 
the 


address 
of the next 
instruction 
to be executed. 


• 
Stack 
Pointer 
(SP) 
The 
stack 
pointer 
is 
an 
II-bit 
register 
that 
contains 
the 


address 
of 
the 
next 
free 
location 
on 
the 
stack. 
Initially, 
the 


stack 
pointer 
is set to location 
$07F 
and is decremented 
as data 


is being 
pushed 
onto 
the stack 
and incremented 
as data 
is being 


pulled 
from 
the 
stack. 
The 
six most 
significant 
bits of the stack 
pointer 
are permanently 
set to 000011. 
During 
a MCU reset or 


the reset stack 
pointer 
(RSP) 
instruction, 
the stack 
pointer 
is set 


to 
location 
$07F. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to location 
$061 
which 
allows 
the programmer 
to use up 


to 15 levels of subroutine 
calls. 


• 
Condition 
Code 
Register 
(CC) 


The 
condition 
code 
register 
is a 5-bit 
register 
in which 
each 
bit is used 
to indicate 
or flag the 
results 
of the instruction 
just 
executed. 
These 
bits 
can 
be individually 
tested 
by a program 


and 
specific 
action 
taken 
as 
a 
result 
of 
their 
state. 
Each 
individual 
condition 
code 
register 
bit 
is 
explained 
in 
the 
following 
paragraphs. 


Timer 


Input 
Pin 


,.....--, 
• 
I 


I 
I 
I 
I 
I 
I 
~-----~ 
Manufacturing 
Mask Options 


Half Carry 
(H) 


Used 
during 
arithmetic 
operations 
(ADD 
and 
ADC) 
to 


indicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


This bit is set to mask 
the timer 
and external 
interrupt 
(INT). 


If an interrupt 
occurs 
while this bit is set it is latched 
and will be 


processed 
as soon as the interrupt 
bit is reset. 


Negative 
(N) 
Used 
to indicate 
that 
the 
result 
of the last arithmetic,logical 
or 
data 
manipulation 
was 
negative 
(bit 
7 in result 
equal 
to 
a 


logical one). 
Zero (Z) 


Used to indicate 
that 
the 
result 
of the last arithmetic, 
logical 


or data 
manipulation 
was zero. 


Carry IBorrow 
(C) 
Used 
to indicate 
that 
a carry 
or borrow 
out of the arithmetic 


logic unit 
(ALU) 
occurred 
dUring 
the last arithmetic 
operation. 


This bit is also affected 
during 
bit test 
and branch 
instructions, 


shifts, 
and rotates. 


• 
TIMER 
The 
MCU 
timer 
circuitry 
is shown 
in Figure 
5. The 
8-bit 
counter, 
the 
Timer 
Data 
Register 
(TOR), 
is loaded 
under 
pro- 


gram 
control 
and counts 
down 
toward 
zero as soon as the clock 


input 
is applied. 
When 
the 
timer 
reaches 
zero, 
the 
timer 
inter· 


rupt 
request 
bit (bit 
7) in the Timer 
Control 
Register 
(TCR) 
is 
set. 
the 
CPU 
responds 
to 
this 
interrupt 
by 
saving 
the 
present 


CPU state 
on the stack, 
fetching 
the timer 
interrupt 
vector 
from 


locations 
$7F8 
and 
$7F9 
and executing 
the 
interrupt 
routine. 


The 
timer 
interrupt 
can 
be masked 
by setting 
the 
timer 
inter- 


rupt 
mask 
bit (bit 
6) in the TCR. 
The interrupt 
bit (I bit) in the 


Condition 
Code 
Register 
also 
prevents 
a time 
interrupt 
from 


being 
processed. 
The 
clock 
input 
to the 
timer 
can 
be from 
an external 
source 


applied 
to 
the 
TIMER 
input 
pin 
or 
it can 
be the 
internal 
1/>1 


signal. 
When 
the 
internal 
1/>, 
signal 
is selected 
as 
the 
input 


source, 
the node 
a is connected 
to b (see Fig. 5). 


In case 
of the external 
source, 
the node 
b connects 
with 
c. 
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When the !p, signal is used as the source, 
the clock 
signal is input 


to the prescaler 
while 
the TIMER 
input 
is "High". 
The 
source 
of the clock 
input 
is one 
of the options 
that 
has 


to 
be 
specified 
before 
manufacture 
of 
the 
MCU. 
A prescaler 


option 
can be applied 
to the clock 
input 
that 
extends 
the timing 
interval 
up 
to a maximum 
of 
128 counts 
before 
decrementing 
the counter 
(TOR). 
The timer 
continues 
to count 
past zero, 
fall- 


ing through 
to 
SFF 
from 
zero 
and 
then 
continuing 
the 
count. 


Thus, 
the counter 
(TOR) 
can be read at any time 
by monitoring 


the TOR. 
This allows 
a program 
to determine 
the length 
of time 


since 
a timer 
interrupt 
has ocCurred 
and 
not 
disturb 
the count- 


ing process. 


At power-up 
or reset. 
the prescaler 
and counter 
are initialized 
with 
all logical 
ones; 
the 
timer 
interrupt 
request 
bit (bit 
7) is 


cleared. 
and the timer 
interrupt 
mask 
bit (bit 6) is set. 


(NOTE) 
If the 
MCU Timer 
is not 
used. 
the 
TIMER 
input 
pin 


must 
be grounded. 


• 
SELF 
CHECK 


The 
self-check 
capability 
of 
the 
MCU 
provides 
an internal 
check 
to determine 
if the part 
is functional. 
Connect 
the MCU 


as shown 
in Figure 
6 and monitor 
the output 
of port 
C bit 3 for 
an oscillation 
of approximately 
3Hz. 
ROM. 
RAM, 
TIMER, 
In· 


terrupts, 
I/O of Port 
A, Band 
C are checked 
by this capability. 


• 
RESETS 


The 
MCU 
can 
be reset 
three 
ways; 
by 
initial 
power-up, 
by 


the 
external 
reset 
input 
(RES) 
and 
by an optional 
internal 
low 


voltage 
inhibit 
circuit, 
see Figure 
7. All the 
I/O 
port 
are initia- 


lized 
to input 
mode 
(OORs 
are cleared) 
during 
reset. 


During 
power-up, 
a minimum 
of 
100 milliseconds 
is needed 


before 
allowing 
the RES input 
to go "High". 
This 
time 
allows 
the 
internal 
crystal 
oscillator 
to 
stabilize. 


Connecting 
a capacitor 
to the 
RES 
input, 
as shown 
in Figure 
8, 


typically 
provides 
sufficient 
delay. 


INT 
A, 
27 


A, 
26 


28 RES 
A, 
25 
* 2.2~F 
A. 
24 


5 
XTAL 
A, 
23 


A, n 


4 
EXTAL 
A, 
21 


A, 
20 


7 
TIMER 
HD6805S1 


(Resistor option) 
8_ 
19 


6 
NUM 
8, 
18 


B, 
17 


B. 
16 


8 
Co 
B, 
15 


9 
C, 
B, 
14 


10 
C, 
B, 
13 


11 
C, 
Boo 12 


330 II 


330 II 


330 n 


330 n 


Vcc 
= PIn 
3 


Vss 
= PIn 
1 
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28 


RES 
22"F 
=;+; . ~ 


Part of 


HD680SS1 
MCU 


4 MHz CJ 
ma. 
4 
EXTAL 
HD680SS1 


MCU 


External 


Clock 


Input 


Ine 
Internal 
oscmalur 
Cln;Ull 
IS Ut::lHgllt::U LV U::lJ.UlIt:: (1 HlUU· 


mum of external components. 
A crystal, a resistor, a jl\mper 


wire, or an external signal may be used to generate a system 
clock 
with 
various 
stability/cost 
tradeoff. 
A manufacturing 


mask option is required to select either the crystal oscillator or 
the RC oscillator circuit. The different connection methods are 
shown in Figure 9. Crystal specifications are given in Figure 10. 
A resistor selection graph is given in Figure II. 


Approximately 
25% Accuracy 


teye::: 
1.25,us 
typo 


External 
Jumper 


XTAL~~EXTAL 


S 
~~ 
4 


AT - 
Cut Parallel Resonance Crystal 


Co '" 7 pF max. 
1= 4 MHz IC, =22pF' 20%1 
As" 60 n max. 


1\ 
I 
J 
Vcc' 
S.25V_ 
\ 


T A' 
2S·C 


'" '" 
"'-., 


"'- 


.............•- 


10 
15 
20 
25 
30 
35 
40 
4S 
50 


Resistance 
Ikn1 


Figure 11 Typical Resistor Selection Graph 
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1-1 


7F -SP 
o _OOR's 
CLR TNT Logic 


FF - 
TOA 
7F 
_ 
Prescaler 


7F _ TCA 


Load PC From 
Load PC From 


Aeset: 
$7FE, 
$7FF 
SWI :$7FC, 
$7FO 


iNT:$7FA, 
$7FB 
TIMER :$7FB, $7F9 


Data 
Direction 
Register 


Bit 


o, 
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• 
INTERRUPTS 
The 
CPU 
can 
be interrupted 
three 
different 
ways: 
through 


the 
external 
interrupt 
(11'111') 
input 
pin, 
the 
internal 
timer 


interrupt 
request, 
and 
a software 
interrupt 
instruction 
(SWI). 


When any 
interrupt 
occurs, 
processing 
is suspended, 
the present 


CPU state 
is pushed 
onto 
the 
stack, 
the 
interrupt 
bit (I) in the 
Condition 
Code 
Register 
is set, 
the 
address 
of 
the 
interrupt 


routine 
is 
obtained 
from 
the 
appropriate 
interrupt 
vector 


address, 
and 
the 
interrupt 
routine 
is executed. 
Stacking 
the 
CPU 
registers, 
setting 
the 
I 
bit, 
and 
vector 
fetching 
requires 
II 
cycles. 
The 
interrupt 
service 
routines 
normally 
end 
with 
a 


return 
from 
interrupt 
(RTI) 
instruction 
which 
allows 
the CPU 


to 
resume 
processing 
of 
the 
program 
prior 
to 
the 
interrupt. 


Table 
I provides 
a listing 
of the 
interrupts, 
their 
priority, 
and 


the vector 
address 
that 
contain-the 
starting 
address 
of the appro- 


priate 
interrupt 
routine. 
A flowchart 
of the 
interrupt 
processing 
sequence 
is given 
in 


Figure 
12. 


Interrupt 
Priority 
Vector 
Address 


RES 
1 
$7FE 
and $7FF 


SWI 
2 
$7FC 
and $7FD 


INT 
3 
$7FA 
and $7FB 


TIMER 
4 
$7F8 
and $7F9 


• 
INPUT/OUTPUT 
There 
are 
20 
input/output 
pins. 
All pins 
are programmable 


as either 
inputs 
or outputs 
under 
software 
control 
of the cor- 


responding 
Data 
Direction 
Register 
(DDR). 
When 
programmed 


as outputs, 
all I/O 
pins 
the 
latched 
output 
data 
is readable 
as 


input 
data, 
regardless 
of the logic levels at the output 
pin due to 


output 
loading 
(see 
Figure 
13). 
When 
port 
B is programmed 


for outputs, 
it is capable 
of sinking 
10mA 
on each 
pin 
(VOL = 


IV 
max). 
All input/output 
lines 
are 
TTL 
compatible 
as both 


inputs 
and outputs. 
Port 
A is CMOS compatible 
as outputs, 
and 


Port 
Band 
C are 
CMOS 
compatible 
as inputs. 
Figure 
14 pro- 
vides some examples 
of port 
connections. 


• 
BIT 
MANIPULATION 
The 
MCU 
has 
the 
ability 
to 
set 
or clear 
any single 
random 


access 
memory 
or input/output 
bit 
(except 
the 
data 
direction 


registers) 
with 
a single 
instruction 
(BSET, 
BCLR). 
Any 
bit in 


the page zero read only memory 
can be tested, 
using the BRSET 


and 
BRCLR 
instructions, 
and 
the program 
branches 
as a result 


of its state. 
This 
capability 
to work 
with 
any bit in RAM, 
ROM 
or I/O 
allows 
the 
user 
to have 
individual 
flags 
in RAM 
or 
to 


handle 
single 
I/O bits as control 
lines. The example 
in Figure 
15 


illustrates 
the 
usefulness 
of 
the 
bit 
manipulation 
and 
test 


instructions. 
Assume 
that 
bit 0 of port 
A is connected 
to a zero 


crossing 
detector 
circuit 
and that 
bit 
1 of port 
A is connected 
to 


the 
trigger 
of a TRIAC 
which 
powers 
the 
controlled 
hardware. 


This 
program, 
which 
uses 
only 
seven 
ROM 
locations. 


provides 
turn-on 
of the TRIAC 
within 
14 microseconds 
of the 


zero 
crossing. 
The 
timer 
could 
also be incorporated 
to prOVide 


turn-on 
at 
some 
later 
time 
which 
would 
permit 
pulse-width 


modulation 
of the controlled 
power. 
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BRClR 
O. PORT 
A. SELF 
1 
BSET 1. PORT 
A 
BClR 
1, PORT 
A 


• 
ADDRESSING MODES 
The CPV has ten addressing modes available for use by the 


programmer. They are explained and illustrated briefly in the 
following paragraphs. 
• 
Immediate 
Refer to Figure 16. The immediate addressing mode accesses 


constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 


the PC and the operand is fetched from the byte following the 
opcode. 
• 
Direct 
Refer to Figure 17. In direct addressing, the address of the 


operand 
is contained 
in the second byte of the instruction. 


Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 
• 
Extended 
Refer to Figure 18. Extended addressing is used to reference 


any iocation in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc· 
tions are three bytes long. 


• 
Relative 
Refer to Figure 19. The relative addressing mode applies only 
to the branch 
instructions. 
In this mode the contents of the 


byte 
following the opcode is added to the program counter 


when the branch is taken. EA=(pC)+2+Rel. Rei is the contents 
of the location 
following the instruction 
opcode with bit 7 


being the sign bit. If the branch is not taken Rel=O, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 
• 
Indexed (No Offset) 
Refer to Figure 20. This mode of addressing accesses the 


lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 
• 
Indexed (S·bit Offset! 
Refer to Figure 21. The EA is calculated 
by adding the 


contents of the byte following the opcode to the contents of 
the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
• 
Indexed (16·bit Offset) 
Refer to Figure 22. This addressing mode calculates the EA 


by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 


• 
Bit Set/Clear 
Refer to Figure 23. 
This mode 
of addressing applies to 


instructions 
which can set or clear any bit on page zero. The 


lower three bits in the opcode specify the bit to be set or 
cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 
address in page zero. 
• 
Bit Test and Branch 
Refer to Figure 24. This mode of addressing applies to 
instructions 
which can test any bit in the first 256 locations 
($OO·$FF) and branch to any location relative to the Pc. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi· 
tion is met. These instructions are three bytes long. The v_Iue of 
the bit tested is written to the carry bit in the condition code 
register. 
• 
Implied 
Refer to Figure 25. The implied mode of addressmg has no 


EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


• 
INSTRUCTION SET 
The MCU has a set of 59 basic instructions. 
They can be 
divided into five different types: register/memory, read/modify/ 
write, 
branch, 
bit manipulation, 
and control. 
The following 


paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
• 
Register/Memory 
Instructions 
Most of these instructions use two operands. One operand is 


either the accumulator or the index register. The other operand 
is obtained 
from memory using one of the addressing modes. 


The jump unconditional 
(JMP) and jump to subroutine (JSR) 


instructions have no register operand. Refer to Table 2. 
• 
Read/ModitylWrite 
Instructions 


These 
instructions 
read a memory 
location 
or a register, 
modify or test its contents, and write the modified value back 
to memory 
or to the register. The test for negative or zero 


(TST) instruction 
is an exception 
to the read/modify/write 


instructions since it does not perform the write. Refer to Table 
3. 
• 
Branch Instructions 
The branch 
instructions 
cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
• 
Bit Manipulation Instructions 
These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
• 
Control Instructions 
The control instructions control the MCV 
operations during 


program execution. Refer to Table 6. 
• 
Alphabetical Listing 
The complete instruction set 
IS given in alphabetical order in 
Table 7. 
• 
Opcode Map 
Table 8 is an opcode map for the instructions used on the 


MCV. 
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~ 
Memory 


I 
I 
I8 


PROG LOA #$F8 
058E 


056F 


F8 
I 


Index.Jieq 


I 
C 


Stack 
Point 


I 
I 
I 
I 
I 
I 
I 


A6 
Prog Count 


F8 
[ 
05CO 
I 


CC 
I 
I 


I 
I 


~ 
I 
I 
! 


PROG 
LOA 
CAT 
0520 
66 


052E 
46 
§ 


I 
I 
I 
I 
I 


052F 


CC1_- 
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i 
i 
i 
@@ 


04091~ 
C6 
I 


040A 
06 


040B 
E5 
J 


I 
I 
I 
I 


I~----o 
Stack Point 


I 


ccI~_- 


II 
i§ 


PROG 
BEa 
PROG2 
04A7 
27 


04A8 
18 
§@ 


I 
I 


I 


AI__ 


Index Reg 
I__ 


Stack 
POint 
====1__ 
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Stack Point 


1 


Prog 
Count 


05F5 


cc1_- 


I§ 


I 
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I 
I 


~ 


lOA 
TABL. 
X 0692~ 16 
I 


0693 
07 


0694 
7E 


I 
I 


Stack Point 
I 


Prog Count 


0695 


CC1==== 


TABl 
FCB 
#BF 
077E 
BF 


FCB 
#86 
077F 
86 


FCB 
#DB 
0780 
DB 


FCB 
#CF 
0781 
CF 


Figure 22 
Indexed 116·8it Offset) Addressing Example 


PRDG 
BClR 
6. PORT 8 
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0590 


I 
I 
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PROG BRCLR 
2. PORT C. PROG 2 
0574 


0575 


I 
I 
I 


I 
I 


~ 
I 
I 


I 
I 
""8 


I 
I 


I 
I 


~ 


AI_- 
Index Reg 
1_- 


Prog 
Count 


0594 


ccT 


I 
I 


~ 


05BB 


CC 
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! 


Addressmg 
Modes 


Indexed 
Indexed 
Indexed 
Function 
MnemoniC 
Immediate 
Direct 
Extended 
(NoOtfsetl 
18·Bit Othel) 
(16·8,1 
Offset) 


00 
# 
# 
00 
# 
# 
00 
4 
4 
00 
# . 
00 
# 
# 
00 
# 
# 


Cod. 
Bytes 
Cvcles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cvcles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 


Load A from 
Memory 
LOA 
A6 
2 
2 
86 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A in Memory 
STA 
- 
- 
- 
87 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Store 
X In Memory 
STX 
- 
- 
- 
8F 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add M~m()(y to A 
ADD 
A8 
2 
2 
88 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 


Add 
Memory 
and 
AOC 
A9 
2 
2 
89 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 
Carry 
to A 


Subtract 
Memory 
SU8 
AD 
2 
2 
80 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
from 
58C 
A2 
2 
2 
82 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 
A with 
Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


OR Memory 
with A 
ORA 
AA 
2 
2 
8A 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
OA 
3 
6 


Exclusive 
OR 
Memory 
EOR 
A8 
2 
2 
88 
2 
4 
CB 
3 
5 
F8 
1 
4 
E8 
2 
5 
08 
3 
6 
with 
A 


Atithmetic 
Compare 
A 
CMP 
Al 
2 
2 
81 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
El 
2 
5 
01 
3 
6 
with 
Memory 


Arithmetic 
Comp,are 
X 
CPX 
A3 
2 
2 
83 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 
81T 
A5 
2 
2 
85 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 
ILogial 
Compare) 


Jump 
Unconditional 
JMP 
- 
- 
- 
8C 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
- 
- 
- 
80 
2 
7 
CD 
3 
8 
FO 
1 
7 
ED 
2 
8 
DO 
3 
9 


Addressing 
Modes 


Function 
Mnemonic 
Impli.d 
(A) 
Implied 
IXI 
Direct 
Indexed 
Indexed 


(No Offset) 
18·8it Offset) 


OP 
# 
# 
OP 
# 
# 
OP 
# 
# 
OP 
# 
# 
OP 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
, 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
oEC 
4A 
1 
4 
5A 
, 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
, 
4 
3F 
2 
6 
7F 
, 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
, 
4 
33 
2 
6 
73 
, 
6 
63 
2 
7 


Negate 


NEG 
40 
1 
4 
50 
, 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2's Complement) 


Rotate Left Thru Carry 
ROL 
49 
1 
4 
59 
, 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right Thl'\J Carry 
ROR 
46 
1 
4 
56 
, 
4 
36 
2 
6 
76 
, 
6 
66 
2 
7 


Logical Shift Left 
LSL 
48 
, 
4 
58 
1 
4 
38 
2 
6 
78 
, 
6 
68 
2 
7 


Logical Shift Right 
LSR 
44 
, 
4 
54 
1 
4 
34 
2 
6 
74 
, 
6 
64 
2 
7 


Arithmetic 
Shift Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
, 
6 
67 
2 
7 


Arithmetic 
Shift Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
, 
6 
68 
2 
7 


Test for Negative or 


TST 
40 
1 
4 
50 
, 
4 
3D 
2 
6 
70 
, 
6 
60 
2 
7 
Zero 
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Relative Addressing 
Mode 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IF Higher 
BHI 
22 
2 
4 


Branch I F Lower or Same 
BLS 
23 
2 
4 


Branch I F Carry Clear 
BCC 
24 
2 
4 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch I F Carry Set 
BCS 
25 
2 
4 


(Branch 
IF Lower) 
(BLOI 
25 
2 
4 


Branch I F Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEG 
27 
2 
4 


Branch I F Half Carry Clear 
BHCC 
28 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch I F Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch I F Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch I F Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AO 
2 
8 


Addressing 
Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
BRSET n (n-O .... 
7) 
- 
- 
- 
20n 
3 
10 
Branch I F Bit n is clear 
BRCLR 
n (n=O ... .7) 
- 
- 
- 
01+20n 
3 
10 


Set Bit n 
BSET n (n=O .. .. 7) 
10+20n 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O. ... 7) 
11+20n 
2 
7 
- 
- 
- 


Implied 
Function 
Mnemonic 
Op 
# 
I 
# 


Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
I 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
Subroutine 
RTS 
81 
I 
1 
6 


Return 
from 
Interrupt 
RTI 
80 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test 
& 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
II • 
II 
II 
II 


ADD 
x 
X 
x 
x 
x 
x 
II • 
II 
II II 


AND 
x 
x 
x 
x 
x 
x 
• • 
II 
II • 


ASL 
x 
x 
x 
x 
• • 
II 
II II 


ASR 
x 
x 
x 
x 
• • 
II 
II 
II 


BCC 
x 
• • • • • 


BCLR 
x 
• • • • • 


BCS 
x 
• • • • • 


BEG 
x 
• • • • • 


BHCC 
x 
• • • • • 


BHCS 
x 
• • • • • 


BHI 
x 
• • • • • 


BHS 
x 
• • • • • 


BIH 
x 
• • • • • 


BIL 
x 
• • • • • 


BIT 
x 
x 
x 
x 
x 
x 
• • 
II II • 


BLO 
x 
• • • • • 


BLS 
x 
• • • • • 


BMC 
x 
• • • • • 


BMI 
x 
• • • • • 
--- - 
- 1-. 


BMS 
x 
• • • • • 
'- 
- 


BNE 
x 
• • • • • 
-- 


BPL 
x 
• • • • • 
.- 
_._- 
_.- 


BRA 
x 
• • • • • 
_.- 
-- 
- 


BRN 
x 
• • • • • 


BRCLR 
x 
• • • • 
II 


BRSET 
x 
• • • • 
II 


BSET 
x 
• • • • • 


BSR 
x 
• • • • • 


CLC 
X 
• • • • 
0 


Cli 
x 
• 
0 • • • 
- 
- 
CLR 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
II II 
II 


COM 
x 
x 
x 
x 
• • 
II 
II 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
II 
II II 


DEC 
x 
x 
x 
x 
• • 
II II • 


EaR 
x 
x 
x 
x 
x 
x 
• • 
II 
II • 


INC 
x 
x 
x 
x 
• • 
II 
II • 


JMP 
x 
x 
x 
x 
x 
• • • • • 


JSR 
x 
x 
x 
x 
x 
• • • • • 
LDA 
x 
x 
x 
x 
x 
x 
• • 
II II • 


LDX 
x 
x 
x 
x 
x 
x 
• • 
II II • 


Condition Code Symbols: 


H 
Half Carry IFrom 
Bit 31 
I 
Interrupt 
Mask 


N 
Negative 
{Sign Bitl 


Z 
Zero 


C 
Carry Borrow 


1\ 
Test and Set 
If True, 
Cleared 
Otherwise 


Not Affected 
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Addressing 
Modes 
Condition 
Code 


Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Implied 
Direct 
(No 
Setl 
Test & 
H 
I 
N 
Z 
C 
diate 
tended 
lative 
Offset) 
(88its) 
(16 Bits) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


LSR 
x 
x 
x 
x 
• • 
0 
/I 
/I 


NEG 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


Nap 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I • 
ROL 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


ROR 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


RSP 
x 
• • • • • 


RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 


STA 
x 
x 
x 
x 
x 
• • 
/I 
/I • 


STX 
x 
x 
x 
x 
x 
• • 
/I 
/I • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
/I 
/I • 
TXA 
x 
• • • • • 


Condition Code Symbols: 


H 
Half 
Carry 
(From 
Bit 
31 


I 
I nterrupt 
Mask 
N 
Negative 
(Sign Bit) 
Z 
Zero 


C 
Carry/Borrow 


A 
Test and set 
if True, 
Cleared 
Otherwise 


• 
Not Affected 


? 
Load 
CC 
Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/ModIfy /lNrite 
Control 
RegisterIMemory 


Test & 
Set/ 
Rei 
OIR I 
A 
I 
X 
I 


,Xl 
I 
,XC 
IMP 
IMP 
IMM I 
OIR 
I EXT 
I 
,X2 
I 
,X I 
I ,XC 
Branch 
Clear 


0 
I 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
8 
I 
C 
I 
0 
I 
E 
I 
F 
- 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI" 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS" 
- 
CMP 
I 


2 
BRSET1 
BSETI 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRI 
BCLRI 
BLS 
COM 
SWI" 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
- 
TAX 
- 
I 
STAI+ll 
7 


B 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 


9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CLI 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMPI-ll 
C 


0 
BRCLR6 
BCLR6 
BMS 
TST 
- 
NOP 
BSW I 
JSRI+3J 
0 


E 
BRSET7 
BSET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
BCLR7 
BtH 
CLR 
- 
TXA 
- 
I 
STXI+ll 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/" 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 
1/4 


(NOTE) 
1. 
Undefined opcodes are marked with "-". 


2. 
The number at the bottom of each column denote the number of bytes and the number of cycles reQuIred (Bytes/Cycles). 
Mnemonics followed by a .••.. require a different number of cycles as follows: 


RTI 
9 


RTS 
6 


SWI 
II 


BSR 
8 


3. ( 
indicate that the number in parenthesis must be added to the cycle count for that instructIon. 
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HD6805S6-------- 
MCU (Microcomputer 
Unit) 


The 
HD6805S6 
is 
the 
8·bit 
Microcomputer 
Unit 
(MCU) 
which 
contains 
a CPU, 
on-ehip 
clock, 
ROM, 
RAM, 
I/O 
and 
timer. 
It 
is designed 
for 
the 
user 
who 
needs 
an 
economical 


microcomputer 
with 
the 
proven 
capabilities 
of 
the 
HD 


6800-based 
instruction 
set. 


The 
foUowing 
are 
some 
of 
the 
hardware 
and 
software 
highligh ts of the M CU. 
• 
HARDWARE 
FEATURES 


• 
8-Bit Architecture 


• 
64 Bytes 
of RAM 


• 
Memory 
Mapped 
I/O 


• 
1804 
Bytes 
of User ROM 
• 
Internal 
8-Bit Timer 
with 
7·Bit Prescaler 


• 
20 TTL/CMOS 
Compatible 
1/0 Lines; 
B Lines LED Compatible 


• 
On-Chip 
Clock 
Circuit 


• 
Self-Check 
Mode 


• 
Master 
Reset 
• 
Low Voltage 
Inhibit 


• 
Easy for System 
Development 
and Debugging 


• 
5 Vdc Single Supply 


• 
Compatible 
with 
MC6805P6 


• 
SOFTWARE 
FEATURES 


• 
Similar 
to HD6BOO 


• 
Byte 
Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 


• 
Versatile 
Interrupt 
Function 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable as Registers/Flags 


• 
Single 
Instruction 
Memory 
Examine/Change 
" ••,R 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes 
Apply 
to ROM, RAM and 
I/O 


• 
Compatible 
with 
MC6B05P6 


"" 
POll 
••••. " 
110 
A. 
Lone •••••'.., 


I, 
I, 
e. 
"on 


:; 
I/~ 
8, l.-. 
I. 
I, 


C. 
Po,", 
t, 
t 
C, 
1/0 
C, L,-. 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc• 
-0.3-+7.0 
V 


Input Voltage (EXCEPT TIMER) 
. 
-0.3-+7.0 
V 


Input Voltage (TIMER) 
Vin 
-0.3-+12.0 
V 


Operating Temperature 
To"," 
o -+70 
°c 


Storage Temperature 
T••g 
- 55 - 
+150 
°c 


• 
Wi,h respect '0 VSS (SYSTEM 
GNOI 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal 
operation 
shouid be under 


recommended 
operating 
conditions. 
If these conditions 
are exceeded. it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
IVcc=5.25V 
± O.5V. VSS=GND. Ta=o-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
V 


Input "High" 
Voltage 
INT 
3.0 
- 
Vcc 
V 


All Other 
V'H 
2.0 - 
Vcc 
V 


Timer Mode 
2.0 - 
Vcc 
V 
Input "High" 
Voltage (Timer) 


Self-Check Mode 
9.0 
11.0 
V 
- 


RES 
-0.3 
- 
0.8 
V 


INT 
-0.3 
- 
0.8 
V 
Input "Low" 
Voltage 


EXTAL(Crystal 
Mode) 
V'L 
-0.3 - 
0.6 
V 


All Other 
-0.3 - 
0.8 
V 


Power Dissipation 
PD 
- 
- 
700 
mW 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


TIMER 
-20 
- 
20 
!J.A 


Input Leak Current 
INT 
I'L 
Vin=0.4V-Vcc 
-50 
- 
50 
!J.A 


EXTAL(Crystal 
Mode) 
-1200 - 
0 
!J.A 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock Frequency 
fel 
0.4 
- 
4.0 
MHz 


Cycle Time 
teye 
1.0 
- 
10 
!J.s 


Oscillation Frequency 
(External Resistor Mode) 
fEXT 
Rcp=15.0kH±I% 
- 
3.4 
- 
MHz 


INT Pulse Width 
tlWL 


teye 
-+ 
- 
- 
ns 
250 


RES Pulse Width 
tAWL 
teye + 
- 
- 
ns 
250 


TIMER PulseWidth 
tTWL 


teye + 
- 
- 
ns 
250 


Oscillation Start-up Time I Crystal Mode) 
lose 
CL=22pF±20%, 
- 
- 
100 
ms 
Rs=60n 
max. 


Delay Time Reset 
tRHL 
External Cap. = 2.2!J.F 
100 
- 
- 
ms 


I 
XTAL 
- 
35 
pF 
Input Capacitance 


I 
All Other 
C,n 
Vin=OV 
- 
10 
pF 
- 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH - -lOl-tA 
3.5 
- 
- 
V 


Port A 
IOH = -l00I-tA 
2.4 
- 
- 
V 


Output 
"High" 
Voltage 
VOH 
IOH = -200I-tA 
2.4 
- 
- 
V 


Port B 
1.5 
V 
IOH = -1 
mA 
- 
- 


Port C 
IOH = -1001-tA 
2.4 
- 
- 
V 


Port A and C 
IOl 
= 1.6 mA 
- 
- 
0.4 
V 


Output 
"Low" 
Voltage 
VOL 
IOl 
= 3.2mA 
- 
- 
0.4 
V 


Port B 
IOl=10mA 
1.0 
V 
- 
- 


Input 
"High" 
Voltage 
VIH 
2.0 
- 
Vcc 
V 


Input 
"Low" 
Voltage 


Port A. B. C 
Vil 
-0.3 
- 
O.B 
V 


Vin = O.BV 
-500 
- 
- 
I-tA 


Port A 


Input 
Leak Current 
III 
Vir! = 2V 
-300 
- 
- 
I-tA 


Port B, C 
Vin =0.4V-VCC 
- 
20 
- 
20 
I-tA 


• 
SIGNAL 
DESCRIPTION 


The 
input 
and 
output 
signals 
for 
the 
MCU, 
shown 
in PIN 


ARRANGEMENT. 
are described 
in the following 
paragraphs. 


• VCC and VSS 
Power 
is supplied 
to the MCU using 
these 
two 
pins. 
VCC is 
+5.25 
V ± 0.5 V. VSS is the ground 
connection. 
elNT 
This 
pin 
provides 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCU. 
Refer 
to INTERRUPTS 
for 
additional 
information. 
• XTAL 
and EXTAL 
These 
pins 
provide 
connections 
for the on-chip 
clock 
circuit. 
A crystal 
(AT cut, 
4 MHz maximum), 
a resistor 
or an external 


signal 
can be connected 
to these 
pins 
to provide 
a system 
clock 


with 
various 
stability/cost 
tradeoffs. 
Refer 
to 
INTERNAL 


OSCILLATOR 
OPTIONS 
for 
recommendations 
about 
these 


inputs. 


e TIMER 
This 
pin 
allows 
an external 
input 
to 
be used 
to decrement 
the 
internal 
timer 
circuitry. 
Refer 
to 
TIMER 
for 
additional 
information 
about 
the timer 
circuitry. 


e RES 
This 
pin 
allows 
resetting 
of the MCU at times 
other 
than 
the 


automatic 
resetting 
capability 
already 
in 
the 
MCU. 
Refer 
to 


RESETS 
for additional 
information. 


e NUM 
This 
pin 
is not 
tor user 
application 
and should 
be connected 


to VSS . 
e Input/Output 
Lines IAo - 
A7, Bo - 
B7, Co - 
C3) 


These 
20 
lines 
are 
arranged 
into 
two 
8-bit 
ports 
(A and 
B) 


and 
one 
4-bit 
port 
(C). 
All lines 
are 
programmable 
as either 


inputs 
or 
outputs 
under 
software 
control 
of the 
data 
direction 


registers. 
Refer 
to 
INPUT/OUTPUT 
for 
additional 
informa- 
tion. 
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• 
MEMORY 
The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the CPU registers 
are pushed onto the stack in the order shown in Figure 3. Since 
the stack pointer decrements during pushes, the low order byte 
(PeL) 
of the program counter 
is stacked first; then the high 


order 
three 
bits 
(PCH) are stacked. 
This ensures 
that 
the 
program 
counter 
is loaded 
correctly 
as the 
stack 
pointer 
increments when it pulls data from the stack: A subroutine call 
will cause only the program counter (PCH, PCL) contents to be 
pushed onto the stack. 


Caution: - Self Test ROM Address Area 


Self test ROM locations can not be used for a user program. 


If the user's program is in this location, it will be remoyed when 
manufacturing mask for production. 


7 
0 
7 
6 
5 
4 
3 
2 
0 
000 
I/O Ports 
$000 
0 
Port A 
$000 


Timer 
$001 
RAM 
Port B 


127 
(128 Bytes) 
$07F 
2 
Port C 
$002 
128 
Page Zero 
$080 
3 
Not Used 
$003 


ROM 
4 
Port A DDR 
$004' 
255 
(128 Bytes) 
$OFF 


256 
$100 
5 
Port B DDR 
$005' 


6 
Not Used 
Port C DDR 
$006' 


Main 
7 
Not Used 
$007 


ROM 
11668Bytes) 
8 
Timer Data Reg 
$008 


9 
Timer CTR L Reg 
$009 
1923 
$783 
10 
1924 
$784 
$OQA 


Self Check 
Not Used (54 Bytes) 
ROM 


2039 
(116 Bytes) 
$7F7 
63 
$03F 
2040 
Interrupt 
$7FB 
64 
$040 
RAM (64 Bytes) 


Vectors 
Stack (31 Bytes Maximum) 


ROM 
127 
$07F 


(8 Bytes) 


2047 
$7FF 
'Write·only registers 


1 
1 ,1 
Condition 


Code Register 


Accumu lator 


Index Register 


1 
1 , , ,1 
pcw 


PCl" 


0 


A 
I Accumulator 


7 
0 


I 


X 
I 
Index Register 


10 
B 7 
0 


I 
PCH 
: 
PCl 
I 
Program 
Counter 


10 
5 
4 
0 


~ 


SP 
I 
Stack Pointer 


Negatwe 


Interrupt 
Mask 


Half 
Carry 
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• 
REGISTERS 
The CPU has five registers 
available 
to the programmer. 


They 
are shown 
in Figure 
4 and 
are explained 
in the 
following 


paragraphs. 
• 
Accumulator 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 


hold 
op~rands 
and 
results 
of 
arithmetic 
calculations 
or 
data 


manipulations. 
• 
Index 
Register 
(X) 


The 
index 
register 
is an 8-bit 
register 
used 
for the 
indexed 


addressing 
mode. 
It contains 
an 8-bit address 
that 
may be added 


to 
an 
offset 
value 
to 
create 
an 
effective 
address. 
The 
index 


register 
can 
also 
be 
used 
for 
lim ited 
calculations 
and 
data 


manipulations 
when 
using read/modify/write 
instructions. 
When 


not 
required 
by 
a code 
sequence 
being 
executed, 
the 
index 


register 
can be used as a temporary 
storage 
area. 
• 
Program 
Counter 
(PC) 
The 
program 
counter 
is an 
II-bit 
register 
that 
contains 
the 


address 
of the next 
instruction 
to be executed. 


• 
Stack 
Pointer 
(SPI 
The 
stack 
pointer 
is 
an 
II·bit 
register 
that 
contains 
the 


address 
of 
the 
next 
free 
location 
on 
the 
stack. 
Initially, 
the 


stack 
pointer 
is set to location 
$07F 
and is decremented 
as data 


is being 
pushed 
onto 
the stack 
and incremented 
as data is being 
pulled 
from 
the 
stack. 
The 
six most 
significant 
bits of the stack 


pointer 
are permanently 
set to 0000 II. 
During 
a MCU reset 
or 


the 
reset stack 
pointer 
(RSP) 
instruction, 
the stack 
pointer 
is set 


to 
location 
$07F. 
Subroutines 
and 
interrupts 
may 
be nested 


down 
to location 
$061 
which 
allows 
the 
programmer 
to use up 


to IS levels of subroutine 
calls. 


• 
Condition 
Code 
Register 
(CC) 


The 
condition 
code 
register 
is a 5-bit 
register 
in which 
each 


bit is used 
to indicate 
or flag the 
results 
of the instruction 
just 


executed. 
These 
bits 
can 
be individually 
tested 
by a program 


and 
specific 
action 
taken 
as 
a 
result 
of 
their 
state. 
Each 


individual 
condition 
code 
register 
bit 
is 
explained 
in 
the 


following 
paragraphs. 


Timer 
Input 


Pin 
r-----' 
, 
, 
, 
, 
I 
, 
I 
, 
L 
.J 


Manufacturing 
\1ask 
Options 


Half Carry 
(H) 


Used 
during 
arithmetic 
operations 
(ADD 
and 
ADC) 
to 


indicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


This bit is set to mask 
the timer 
and external 
interrupt 
(lNT). 


If an interrupt 
occurs 
while 
this bit is set it is latched 
and will be 


processed 
as soon as the interrupt 
bit is reset. 


Negative 
(N I 


Used 
to indicate 
that 
the 
result 
of the last arithmetic, 
logical 


or 
data 
manipulation 
was 
negative 
(bit 
7 in result 
equal 
to a 


logical one). 
Zero 
(Zl 


Used 
to indicate 
that 
the 
result 
of the last arithmetic, 
logical 
or data 
manipulation 
was zero. 
Carry/Borrow 
(C) 


Used 
to indicate 
that 
a carry 
or borrow 
out 
of the arithmetic 


logic unit 
(ALU) 
occurred 
during 
the 
last arithmetic 
operation. 


This 
bit is also affected 
during 
bit 
test 
and branch 
instructions, 


shifts, 
and rotates. 


• 
TIMER 


The 
MCU 
timer 
circuitry 
is shown 
in Figure 
5. The 
8-bit 
counter, 
the 
Timer 
Data 
Register 
(TOR), 
is loaded 
under 
pro- 


gram 
control 
and counts 
down 
toward 
zero as soon as the clock 


input 
is applied. 
When 
the timer 
reaches 
zero, 
the 
timer 
inter- 
rupt 
request 
bit (bit 
7) in the 
Timer 
Control 
Register 
(TCR), 
is 


set. 
The 
CPU 
responds 
to 
this 
interrupt 
by saving 
the 
present 


CPU state 
on the stack, 
fetching 
the timer 
interrupt 
vector 
from 


locations 
$7F8 
and 
$7F9 
and executing 
the 
interrupt 
routine. 


The 
timer 
interrupt 
can 
be masked 
by setting 
the 
timer 
inter- 
rupt 
mask 
bit (bit 
6) in the TCR. 
The interrupt 
bit (I bit) in the 


Condition 
Code 
Register 
also 
prevents 
a timer 
interrupt 
from 


being 
processed. 
The 
clock 
input 
to the 
timer 
can be from 
an external 
source 


applied 
to 
the 
TIMER 
input 
pin 
or 
it can 
be 
the 
internal 
"'2 


signal. 
When 
the 
internal 
"'2 
signal 
is selected 
as 
the 
input 


source, 
the node 
a is connected 
to b (see Fig. 5). 
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In case 
of the external 
source, 
the 
node 
b connects 
with 
c. 
When 
the 
q!2 signal is used as the source, 
the clock 
signal is input 


to the prescaler 
while the TIMER 
input 
is "High". 
The 
source 
of the clock 
input 
is one of the options 
that 
has 
to be specified 
before 
manufacture 
of the MCU. A prescaler 
op- 


tion 
can 
be applied 
to the clock 
input 
that 
extends 
the 
timing 


interval 
up 
to 
a maximum 
of 
128 counts 
before 
decrementing 


the 
counter 
(TOR). 
The timer 
continues 
to count 
past zero, 
fall- 


ing 
through 
to SFF 
from 
zero. 
and 
then 
continuing 
the count. 


Thus. 
the 
counter 
can 
be read 
at any time 
by reading 
the TOR. 


This 
allows 
a program 
to determine 
the length 
of time 
since 
a 
timer 
interrupt 
has occurred 
and not 
disturb 
the counting 
pre- 


cess. 
At power-up 
or reset, 
the prescaler 
and counter 
are initialized 


with 
all logical 
ones; 
the 
timer 
interrupt 
request 
bit (bit 
7) is 


cleared, 
and the timer 
interrupt 
mask 
bit (bit 6) is set. 


(NOTE) 
If the 
MCU Timer 
is not 
used, 
the TIMER 
input 
pin 


must 
be grounded. 


• SELF 
CHECK 
The 
self-check 
capability 
of 
the 
MCU 
provides 
an internal 


check 
to detennine 
if the 
part 
is functional. 
Connect 
the MCU 
as shown 
in Figure 
6 and 
monitor 
the output 
of port 
C bit 
3 


for 
an oscillation 
of approximately 
3Hz. 
ROM, 
RAM, 
TIMER, 


Interrupts. 
I/O of Port 
A, Band 
C are checked 
by this capabil- 
ity. 


• RESETS 


The 
MCU 
can 
be 
rese~ree 
ways: 
by initial 
power-up, 
by 


the external 
reset 
input 
(RES) 
and 
by an optional 
internal 
low 


voltage 
detect 
circuit, 
see Figure 
7. All the 
I/O 
port 
are initia- 


lized 
to Input 
mode 
(OOR's 
are cleared) 
during 
RESET. 


Ouring 
power-up, 
a minimum 
of 
100 milliseconds 
is needed 


before 
allowing 
the RES input 
to go "High". 


This 
time 
allows 
the 
internal 
crystal 
oscillator 
to 
stabilize. 


Connecting 
a capacitor 
to the 
RES 
input, 
as shown 
in Figure 
8, 


typically 
provides 
sufficient 
delay. 


INT 
A, 
27 


A, 
26 


28 
RES 
A, 
25 


~ 
2.2JJF 
A. 
24 
-m- 


5 
XTAL 
A, 
23 


A, 
22 


4 
EXTAL 
A, 
21 


A. 
20 


TIMER 
HD6805S6 
7 
(Resistor option)· 
8, 
19 


6 
NUM 
8, 
18 


B, 
17 


B. 
16 


8 e. 
B, 
15 


9 e, 
B, 
14 


10 e, 
B, 
13 


11 e, 
B" 
12 


330 n 


330 n 


330 n 


330 n 


Vcc 
= Pin 3 


Vss ::Pin 
1 
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• INTERNAL 
OSCILLATOR 
OPTIONS 
The 
internal 
oscillator 
circuit 
is designed 
to require 
a mini- 


mum 
of 
external 
components. 
A crystal, 
a resistor, 
a jumper 


wire, 
or 
an external 
signal 
may 
be used 
to generate 
a system 
clock 
with 
various 
stability/cost 
tradeoff. 
A 
manufacturing 


mask 
option 
is required 
to 
select 
either 
the 
crystal 
oscillator 


or 
the 
RC oscillator 
circuit. 
The 
different 
connection 
methods 


are shown 
in Figure 
9. Crystal 
specifications 
are given in Figure 


10. A resistor 
selection 
graph 
is given in Figure 
11. 


Part of 
HD6805S6 


MCU 


4MHz = 


mo. 
4 EXTAL 
HD6805S6 
MCU 


Approximately 
25% Accuracy 
teye::: 
1.25 
JJS typo 


External 
Jumper 


External 


Clock 


Input 


AT - 
Cut Parallel Resonance Crystal 


Co = 7 pF max. 
I: 
4 MHz IC, =22pF,20%) 
As:: 
60 n max. 


o 
10 
15 
20 
25 
30 
35 
40 
45 
50 


Resistance 
(knl 


Figure 
11 
Typical 
Resistor 
Selection 
Graph 


~HITACHI 


\ Hitachi America Ltd.• 
2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


1-1 


$7F -SP 
o -OOR', 
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• 
INTERRUPTS 
The CPU can be interrupted 
three different ways: through 


the 
external 
interrupt 
(INT) 
input 
pin, 
the 
internal 
timer 


interrupt 
request, 
and a software interrupt 
instruction 
(SW1). 
When any interrupt 
occurs, processing is suspended, the present 


CPU state is pushed onto the stack, the interrupt bit (I) in the 
Condition 
Code Register is set, the address of the interrupt 


routine 
is obtained 
from 
the 
appropriate 
interrupt 
vector 


address, 
and the interrupt 
routine 
is executed. 
Stacking the 


CPU registers, setting the I bit, and vector fetching requires 
11 cycles. The interrupt 
service routines normally end with a 


return from interrupt 
(RTI) instruction 
which allows the CPU 


to resume processing of the program prior to the interrupt. 
Table 1 provides a listing of the· interrupts, 
their priority, and 


the vector address that contain-th.e starting address of the appro- 
priate interrupt routine. 
A flowchart of the interrupt 
processing sequence is given in 


Figure 12. 


Interrupt 
Priority 
Vector Address 


RES 
1 
$7FE and $7FF 


SWI 
2 
$7FC and $7FD 


INT 
3 
$7FA and $7F B 


TIMER 
4 
$7F8 and $7F9 


• 
INPUT/OUTPUT 
There are 20 input/output 
pins. All pins are programmable 


as either inputs or outputs 
under software control of the cor- 


responding data direction register (DDR). When programmed as 
outputs, 
the latched 
output 
data is readable as input data, 


regardless of the logic levels at the output 
pin due to output 


loading (see Figure 13). When port B is programmed for out- 
puts, it is capable of sinking 10 mA on each pin (VOL = IV 
max). All input/output 
lines are TTL compatible as both inputs 


and outputs. 
Port A are CMOS compatible 
as outputs, 
and 


Port Band 
C are CMOS compatible 
as inputs. Figure 14 pro- 


vides some examples of port connections. 


• 
BIT MANIPULATION 
The MCU has the ability to set or clear any single random 


access memory or input/output 
bit (except the data direction 


registers) with a single instruction 
(BSET, BCLR). Any bit in 


the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 15 
illustrates 
the 
usefulness 
of 
the 
bit 
manipulation 
and test 


instructions. Assume that bit 0 of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which powers the controlled hardware. 


This 
program, 
which 
uses 
only 
seven 
ROM locations, 


provides turn-on of the TRIAC within 14 microseconds of the 
zero crossing. The timer could also be incorporated 
to provide 


turn-on 
at some later time which would permit 
pulse-width 


modulation of the controlled power. 
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BRClR 
O. PORT 
A. SELF 
1 
BSET 
1. PORT 
A 
BClR 
1. PORT 
A 


• 
ADDRESSING MODES 
The CPV has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 
• 
Immediate 
Refer to Figure 16. The immediate addressing mode acce~ses 


constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 
• 
Direct 
Refer to Figure 17. In direct addressing, the address of the 
operand 
is contained 
in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. 
All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 
• 
Extended 
Refer to Figure 18. Extended addressing is used to reference 


any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended 
addressing instruc- 


tions are three bytes long. 
• 
Relative 
Refer to Figure 19. The relative addressing mode applies only 


to the branch 
instructions. 
In this mode the contents 
of the 


byte 
following the opcade 
is added 
to the program counter 


when the branch is taken. EA=(pC)+2+Rel. Rei is the contents 
of the location 
following the instruction 
opcode with bit 7 


being the sign bit. If the branch is not taken Rel=O, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. 
These 


instructions are two bytes long. 
• 
Indexed (No Offset) 
Refer to Figure 20. This made of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 
• 
Indexed (S-bit Offset) 
Refer to Figure 21. The EA is calculated 
by adding the 


contents 
of the byte following the opcade to the contents of 


the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
• 
Indexed (, 6-bit Offset) 
Refer to Figure 22. This addressing mode calculates the EA 


by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 


• 
Bit Set/Clear 
Refer to Figure 23. 
This mode 
of addressing applies to 


instructions 
which can set or clear any bit on page zero. The 


lower three bits in the opcode specify the bit to be set or 
cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 
address in page zero. 
• 
Bit Test and Branch 
Refer to Figure 
24. This mode 
of addressing applies to 


instructions 
which can test any bit in the first 256 locations 
($OO-$FF) and branch to any location relative to the PC_The 
byte to be tested is addressed by the byte following the opcade. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi· 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition 
code 
register. 
• 
Implied 
Refer to Figure 25. The implied mode of addressing has no 


EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTf belong to this 
group. All implied addressing instructions are one byte long. 


• 
INSTRUCTION SET 
The MCV has a set of 59 basic instructions. 
They can be 


divided into five different types: register/memory, 
read/modify/ 


write, 
branch, 
bit manipulation, 
and control. 
The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
• 
Register/Memory Instructions 
Most of these instructions use two operands. One operand is 


either the accumulator 
or the index register. The other operand 
is obtained 
from memory using one of the addressing modes_ 


The jump unconditional 
(JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 
• 
Read/Modify/Write Instructions 
These 
instructions 
read a memory 
location 
or a register, 


modify or test its contents, and write the modified value back 
to memory 
or to the register. The test for negative or zero 


(TST) 
instruction 
is an exception 
to the read/modify/write 


instructions since it does not perform the write. Refer to Table 
3. 
• 
Branch Instructions 
The branch 
instructions 
cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
• 
Bit Manipulation Instructions 
These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
• 
Control Instructions 
The control instructions control the MCV operations during 


program execution. Refer to Table 6. 
• 
Alphabetical Listing 
The complete instruction 
set is given in alphabetical order in 
Table 7. 
• 
Opcode Map 
Table 8 is an opcode map for the instructions used on the 


MCV. 
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Addressing 
Modes 


Function 
Mnemonic 
Direct 
Extended 


Indexed 
Indexed 
Indexed 


Immediate 
(No Offset) 
(8·BitOffsetl 
(16·BitOffset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
it 
Op 
it 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A in Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add 
Mt!mory 
to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 
Carry 
to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
from 
SBC 
A2 
2 
. 2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
02 
3 
6 
A with Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


OR 
Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive 
OR 
Memory 
EOR 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 
with 
A 


Arithmetic 
Compare 
A 
CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
El 
2 
5 
01 
3 
6 
with 
Memory 


Arithmetic 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 
BIT 
AS 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 
(logical 
Compare) 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
B 
FD 
1 
7 
ED 
2 
B 
DO 
3 
9 


Addressing 
Modes 


Function 
Mnemonic 
Implied 
(AI 
Implied 
(XI 
Direct 
Indexed 
Indexed 


(No Off,et) 
(8-8it 
Offset I 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
SA 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
ClR 
4F 
1 
4 
SF 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2', Complement) 


Rotate 
Left Thru Carry 
ROl 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate 
Right Thru 
Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


logical 
Shift 
left 
lSl 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
66 
2 
7 


Logical 
Shift 
Right 
lSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift 
Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift 
Left 
ASl 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Negative 
or 


TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 
Zero 
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Relative Addressing Mode 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IF Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch IF Carry Clear 
BCC 
24 
2 
4 


(Branch IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch IF Carry Set 
BCS 
25 
2 
4 


(Branch IFLower) 
(BLO) 
25 
2 
4 


Branch IF Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEG 
27 
2 
4 


Branch IF Half Carry Clear 
BHCC 
2B 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch IF Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch IF Interrupt 
Mask Bit is Set 
BMS 
2D 
2 
4 


Branch IF Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
B 


Addressing Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
BRSET n (n=O ..... 7) 
- 
- 
- 
20n 
3 
10 


Branch IF Bit n is clear 
BRCLR n (n=O .....7) 
- 
- 
- 
0l+2on 
3 
10 


Set Bit n 
BSET n (n=O ..... 7) 
10+2on 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O ..... 7) 
1l+2on 
2 
7 
- 
- 
- 


Implied 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transler A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software Interrupt 
SWI 
B3 
1 
11 


Return from Subroutine 
RTS 
B1 
1 
6 


Return 
from 
Interrupt 
RT! 
BO 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
9D 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Set/ 
Test & 
H 
I 
N 
Z 
C 
Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ASL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEG 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
BLO 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 
BRN 
x 
• • • • • 
BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 
BSR 
x 
• • • • • 
CLC 
x 
• • • • 
a 


Cli 
x 
• 
a • • • 
CLR 
x 
x 
x 
x 
• • 
a 
1 • 
CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
EaR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 
LOA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition 
Code Symbols. 


H 
Half 
Carry 
(From 
Bit 
3) 
, 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bit) 


Z 
Zero 


C 
Carry Borrow 


1\ 
Test and Set if True. Cleared Otherwise 
Not 
Affected 
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Addressing 
Modes 
Condition 
Code 


Imme· 
Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


LSR 
x 
x 
x 
x 
• • 
0 
/\ 
/\ 


NEG 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


Nap 
x 
• • • • • 
ORA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ROL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ROR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


RSP 
x 
• • • • • 
RTI 
x 
? 
) 
? 
? 
) 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


STX 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SWI 
x 
• 
1 • • • 


TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 
/\ 
/\ • 
TXA 
x 
• • • • • 


Condition 
Code Symbols: 


H 
Half Carry (From Bit 31 


I 
Interrupt 
Mask 
N 
Negative (Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 


/\ 
Test and Set 
if True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
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Bit Manipulation 
Branch 
Read/ModifylWrite 
Control 
Register/Memory 


Test & 
Set/ 
Rei 
OIR 
I 
A 
I 
X 
I 


,Xl 
I 
,XC 
IMP 
IMP 
IMM I 
OIR 
I EXT 
I 
,X2 
I 
Xl 
I ,XC 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
B 
I 
C 
I 
0 
I 
E 
I 
F - 
0 
BRSETO 
BSETO 
BRA 
NEG 
RTI- 
- 
SUB 
0 


1 
BRClRO 
BClRO 
BRN 
- 
RTS- 
- 
CMP 
1 


2 
8RSETI 
BSETI 
BHI 
- 
- 
- 
SBC 
2 


3 
BRClRl 
BClRl 
BlS 
COM 
SWI- 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
lSR 
- 
- 
AND 
4 


5 
BRClR2 
BClR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
8SET3 
BNE 
ROR 
- 
- 
lOA 
6 


7 
BRClR3 
BClR3 
BEQ 
ASR 
- 
TAX 
- 
I 
STAI+ll 
7 


8 
8RSET4 
BSET4 
BHCC 
lSl/ASl 
- 
ClC 
EOR 
8 


9 
BRClR4 
BClR4 
BHCS 
ROl 
- 
SEC 
AOC 
9 


A 
BRSET5 
8SET5 
BPl 
OEC 
- 
CLI 
ORA 
A 


B 
BRClR5 
BClR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMP(-11 
C 


0 
BRClR6 
BClR6 
BMS 
TST 
- 
NOP 
BSR-I 
JSR(+31 
0 


E 
BRSET7 
BSET7 
Bil 
- 
- 
- 
lOX 
E 


F 
BRClR7 
BClR7 
BIH 
ClR 
- 
TXA 
- 
I 
STX(+11 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/- 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 1/4 


(NOTE) 
1. 
Undefined opcodes are marked with "_". 


2. 
The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "*" require a different 
number of cycles as follows: 
RTI 
9 
RTS 
6 
SWill 
BSR 
8 
3. 
( 
indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805T2-------- 
MCU (Microcomputer Unit with PLL Logic) 


-PRELIMINARY- 
The 
HD6805T2 
is an 8-bit 
Microcomputer 
Unit 
(MCU) 
which contains a CPU, on-chip ciock, ROM, RAM, 
!lO, Timer, 


and the PLL Logic for an RF synthesizer. It meets the needs of 
users who needs economical single chip microcomputer with the 
proven abilities of MPU instruction set of HD6800. 
The Principal characteristics of the hardware and software of 
the MCU are listed below. 


• 
HARDWARE FEATURES 


• 
8-bit 
Architecture 
• 
64 Bytes of RAM 
• 
Memory Mapped I/O 
• 
2508 Bytes of User ROM 


• 
Internal 8-bit Timer with 7-bit Prescaler 


• 
Timer Start/Stop and Source Select 
• 
Vectored 
Interrupts 
- 
External 
and Timer 


• 
'9 
TTL/CMOS Compatible I/O Lines; 8 Lines are LED Com- 


patible 
• 
On-Chip Clock Circuit 


• 
Self-Check Mode 
• 
Master Reset 
• 
Low Voltage Inhibit 
• 
14-Bit Binary Variable Divider 


• 
10-Stage Mask-Programmable Reference Divider 


• 
Three-State 
Phase 
and 
Frequency 
Comparator 


• 
Suitable for TV Frequency Synthesizers 


• 
5Vdc Single Supply 


SOFTWARE FEATURES 
</>COMP 
HD6805T2 
•• Resembles HD6800 
Co/TIMER 
• Byte Efficient Instruction Set 
C, 
• Easy to Program 
• True 
Bit Manipulation 
C. 
• 
Bit Test 
and 
Branch 
Instructions 
fin 
• Versatile 
Interrupt 
Handing 
• Powerful Indexed Addressing for Tables 
Bo 
• Full Set of Conditional Branches 
B, 
• Memory Usable as Registers/Flags 
• Single Instruction Memory Examine/Change 
B. 
B. 
• , 0 Powerful Addressing Modes 
• All Addressing Modes Apply to ROM, RAM, and I/O 
(Top View) 
• Compatible with MC6805T2 
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RES 


INT 
NUM 


EXTAL 
XTAL 


Condition 
Code 
Program 
Accumulator 
Register 
Counter 
"High" 
18) 
151 
141 


Stack Pointer 
Program 
Index 
Register 
Counter" 
Low" 
181 
151 
181 


C,/TIMER 


C, 


C, 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc• 
-0.3 
to +7.0 
V 


Input Voltage (Except cf>COMP) 
-0.3 
to +7.0 
V 


Input Voltage (cf>COMP) 
Vine 


- 0.3 to + 12.0 
V 


Operating Temperature 
Topr 
o to +70 
·C 


Storage Temperature 
Tstg 
-55 
to + 150 
·C 


Item 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


RES 
4.0 
- 
Vcc 
V 


Input "High" 
Voltage 
INT" 
3.0 
- 
Vcc 
V 


All Other Except fin 
V'H 
2.0 
- 
Vcc 
V 


Input "High" 
Voltage 
Normal Mode 
2.0 
- 
Vcc 
V 


cf>COMP 
Self-Check Mode·· 
9.0 
- 
11.0 
V 


RES 
-0.3 
- 
0.8 
V 


INT" 
-0.3 
- 
0.8 
V 
Input "Low" 
Voltage 
V'L 
EXTAL 
-0.3 
- 
0.6 
V 


All Other Except fin 
-0.3 
- 
0.8 
V 


Power 
Dissipation 
Po 
Not Port 
850 
mW 
Loading 
- 
- 


AC Coupled Input Voltage Swing 
fin 
VF1P 
0.5 
- 
2.4 
VACP.P 


Input Leak Current 
fin 
I"L I 
- 
- 
40 
!LA 


Output "Low" 
Current 
cf>COMP 
ICMl 
VOL= 1.0V 
- 
- 
300 
!LA 


Output "High" 
Current 
cf>COMP 
ICMH 
VOH= Vcc - 
1V 
- 
- 
200 
!LA 


Input Leak Current 
cf>COMP 
II'LI 
- 
- 
1.0 
!LA 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


INT 
- 
- 
50 
!LA 


Vin = 0.4V 


Input 
Leak Current 
EXTAL 
II'LI 
- 
- 
1600 
!LA 


RES 
Vin = 0.8V 
4.0 
- 
50 
!LA 
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Item 
Symbol 
Test 
Condition 
min. 
typ. 
max. 
Unit 


Clock 
Frequency 
fcl 
0.4 
- 
4.2 
MHz 


Cycie 
Time 
tcyc 
0.95 
- 
10 
JLs 


INT Pulse Width 
tlWL 
tcyc+ 
- 
- 
ns 
250 


RES Pulse Width 
tRWL 
tcyc+ 
- 
- 
ns 
250 


TIMER 
Pulse Width 
tTWl 
tcyc+ 
- 
- 
ns 
250 


Delay 
Time 
Reset 
tRHl 
External 
Cap. 
- 
100 
- 
ms 
= 
1.0JLF 


Input 
Frequency 
fin 
1 
- 
16 
MHz 


Input 
Frequency 
Rise Time 
at fin 
tinr 
- 
- 
20 
ns 


input 
Frequency 
Fall Time 
at fin 
tinf 
- 
- 
20 
ns 


Duty 
Cycle 
of fin and External 
Input 
on EXTAL 
- 
40 
- 
60 
% 


Injection 
Pulse 
Active 
Time 
terr 
- 
70 
- 
ns 


I 
XTAL 
- 
- 
35 
pF 
Input 
Capacitance 


I 


Cin 
Vin = OV 
All Other 
- 
- 
10 
pF 


Item 
Symbol 
Test 
Condition 
min. 
typ. 
max. 
Unit 


Port A with 
CMOS 
10H= -100JLA 
2.4 
- 
- 
V 


Drive 
Enable 
10H= -10JLA 
3.5 
- 
V 
- 


Output 
"High" 
Voltage 
Port 
A with 
CMOS 
VOH 
10H = -100JLA 
2.4 
V 
Drive 
Disable 
- 
- 


Port 
B 
10H= -200JLA 
2.4 
- 
- 
V 


Port 
C 
10H= -100JLA 
2.4 
- 
- 
V 


Port 
A 
10l = 1.6mA 
- 
- 
0.4 
V 


10l = 3.2mA 
- 
- 
0.4 
V 


Output 
"Low" 
Voltage 
Port 
B 
VOL 
10l = 10mA 
- 
- 
1.0 
V 


Port 
C 
10l = 1.6mA 
- 
- 
0.4 
V 


Input 
"High" 
Voltage 
V,H 
2.0 
- 
Vcc 
V 


Port 
A. B. C 


Input 
"Low" 
Voltage 
V'l 
-03 
- 
0.8 
V 


Port 
A with 
CMOS 
Vin = 2.0V 
- 
- 
300 
JLA 


Drive 
Enable 
Vin = 0.8V 
500 
JLA 
- 
- 


Input 
Leak 
Current 
Port 
A with 
CMOS 


II'l I 
20 
Drive 
Disable 
- 
- 
JLA 


Port 
B 
- 
- 
20 
JLA 


Port 
C 
- 
- 
20 
fLA 
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TTL Equiv. (Port B) 
5.0V 
TTL Equiv. (Port A and Cl 
5.0V 


1.2kn 
2.4kn 


Test 
Point 
~ 
Test 
Point 
li=1.6 mA 


Vi 
Vi 


40pF 
12kn 
30pF 
24kn 


Test 
Pointo~l 


130 pF 


• 
SIGNAL 
DESCRIPTION 


The 
following 
describes 
the 
input 
and 
output 
signals 
of 


HD6805T2. 


• 
Vcc• vss 
The 
MCU 
is supplied 
power 
through 
these 
pins. Vcc is 5.25V 


± 0.5V. 
Vss is grounded. 


• 
INT 
This pin provides 
an external 
interrupt 
to the MCU. 
For more 


details, 
see INTERRUPTS. 


• 
XTAL. 
EXTAL 


These 
are 
control 
input 
pins 
for 
the 
internal 
clock 
circuit. 


Connection 
of these 
pins 
to a crystal 
(AT 
cut, 
4.2 
MHz 
maxi- 


mum) 
or to an external 
input 
provides 
the internal 
oscillator 
with 


varying 
degrees 
of stability. 
For 
suggestions 
pertaining 
to these 


pins, see INTERNAL 
OSCILLATOR 
OPTIONS. 


• 
fin 
This fin pin is a high frequency 
digital 
input 
to the variable 
di- 


vider 
portion 
of the on-chip 
frequency 
synthesizer. 
The 
reference 


frequency 
for the 
phase 
lock loop 
is divided 
down 
from 
internal 


clock 
</>,. The 
frequency 
synthesizer 
features 
are 
explained 
in 


PHASE 
LOCK 
LOOP. 


• 
</>COMP 
This 
is a three-state 
output 
signal. 
The 
state 
varies 
according 
to the 
result 
of the 
comparison 
between 
the 
internal 
reference 


frequency 
and 
the 
variable 
divided 
signal. 
See 
PLL 
for details. 
</>COMP is raised 
to 9V through 
10 kO 
in self-check 
mode. 


• 
RES 
Besides 
the 
resetting 
capability 
which 
the 
MCU 
already 
has, 
this pin also makes 
resetting 
of the 
MCU 
possible. 
See RESETS 


for more 
details. 


• 
INPUT/OUTPUT 
Lines 
IAo to A,. Bo to B,. Co to C,I 
These 
19 lines form 
two 8-bit ports 
(Port 
A, Port 
B) and one 


3-bit port 
(Port 
C). By software 
control 
of the data direction 
reg- 


isters, 
these 
lines can be programmed 
to be either 
inputs 
or out- 


puts. 
See 
INPUTS/OUTPUTS 
for 
more 
information. 
The 


Co/TIMER 
pin also can be programmed 
as an external 
input 
to 


the 
internal 
timer. 
For 
information 
on 
the 
timer 
modes, 
see 


TIMER. 


• 
MEMORY 
The 
MCU 
memory 
diagram 
is 
indicated 
in 
Figure 
2. The 


MCU, 
with 
its 
program 
counter, 
can 
address 
4096 
bytes 
of 


memory 
and 
I/O 
registers. 
The 
MCU 
has implemented 
2698 of 


the 
4096 
memory 
locations, 
2508 
bytes 
user 
ROM, 
I 16 bytes 


self-check 
ROM, 
64 bytes 
of user 
RAM, 
6 bytes 
of port 
110, 2 


timer 
registers, 
and 
2 PLL 
registers. 
The 
user 
ROM 
is divided 


into 
four 
areas. 
The 
first area 
(begins 
at $080) 
provides 
users 


with access 
to ROM 
locations 
by using 
the direct 
and table 
look- 


up indexed 
addressing 
mode. 
The 
second 
and 
third 
user 
ROM 
areas 
begin at memory 
location 
$100 and 
$D40 
respectively. 
The 


last eight-byte 
user 
ROM 
which 
begins 
at $FF8 
is for the 
inter- 


rupt vectors. 


The first 
16 memory 
locations 
of the MCU 
are reserved 
for 1/ 
o features 
and 
10 of them 
have 
been 
implemented. 
These 
loca- 


tions 
are 
used 
for the 
ports, 
the 
port 
DDRs, 
the 
timer, 
and 
the 


PLL registers. 


The 
MCU 
has 64 bytes 
of user 
RAM. 
31 bytes 
out 
of the 64 


bytes 
are 
shared 
with 
the 
stack 
area. 
Careful 
utilization 
of the 


stack 
is necessary 
when 
data shares 
the stack area. 


While 
interrupt 
and subroutine 
calls are processed 
to save 
the 


processor 
state, 
the shared 
stack area is occupied. 


The 
register 
contents 
are 
saved 
in the 
stack 
as indicated 
in 


Figure 
3. The 
low order 
byte 
(PCL) 
of the 
program 
counter 
is 


stacked 
first as the stack 
pointer 
decrements 
during 
saving. 
Next, 


the high order 
four bits (PCH) 
are stacked. 
This ensures 
that the 


program 
counter 
is loaded 
correctly 
after 
pulls 
from 
the stack, 
as 


the stack 
pointer 
increments 
when 
it fetches 
data 
from 
the stack. 


Only when 
a subroutine 
call is made, 
the program 
counter 
(PCH, 


PCL) 
contents 
are saved 
onto 
the stack, 
and the remaining 
CPU 


registers 
are not saved. 
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7 
I 
6 
I 


5 
I 


4 
I 


3 
I 


2 
I 


1 
I 


0 


Port A Register 


Port B Register 


Not used 
I 
Port C Register 


Not used 


Port A DDR 
Register 


Port BOOR 
Register 


Not used 
I 
Port C DDR 
Register 


Not used 


Timer 
Data Register 


Timer Control 
Register 


Variable Divider" 
Low" 


Not used 
I 
Variable Divider "High" 


Not used 


152 bytes) 


User RAM 


164 bytesl 


(128 bytes) 
--- 
User ROM 
- ---------- 
--------- 


(1792 bytesl 


Not used 


11344 bytes) 


Use, ROM 


1580 bytesl 


Self·check 
ROM 


1116 bytes) 


Interrupt Vector ROM 


(8 bytes) 


0 


2 


4 


5 


6 


8 
Direct 
9 
Addressing 


10 
Mode 
Enable 


11 


12 


63 
64 


127 


128 
,,,, 


255 


256, 
, 
I 


2047 


2048 
,, 
I,, 
I, 
I,,, 
I 


3391 


3392 
I 
I 
I,, 


I 


3971 


3972 


4087 


4088 


4095 
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S03F 


$040 
,, 
I 


S07F 


S080 


SOFF 


S100 


I 
I 
I 


S7FF 


S800 


I 
I 
I 
I 
I 
I,, 
I 


S03F 


S040, 
I 
I 
I, 


$F83 


SF84 


I 
I 
I 
I 
I, 
SFF7 


SFF8 
I,, 


I 


SFFF 


7 
6 
5 
4 
3 
2 
1 
0 
I 
I 
I 
1 
I 
1 
! 
1 
I 
CCR 
I 
I 


A 


X 


I 
: 
I 
1 
I 
1 
1 
I 
1 
I 
PCH 
I 
I 


PCl 
] 
---- 


- 
--- 


• 
REGISTERS 
The 
MCU 
provides 
five registers 
for the 
programmer 
which 


are indicated 
in Figure 
4. These 
registers 
are explained 
in the fol- 
lowing. 


• 
Accumulator 
(A) 
The 
accumulator 
is an 8-bit general 
purpose 
register. 
It holds 


operands 
and 
results 
of arithmetic 
calculations 
or data 
manipula- 
tions. 


• 
Index 
Register 
(X) 


The 
index 
register 
is an 8-bit register 
for the indexed 
address- 


ing mode. 
It has an 8-bit address 
which can be added 
to an offset 


value 
to 
make 
an 
effective 
address. 
When 
using 
read/modify/ 


write instructions, 
it may also be used 
for data 
manipulation 
and 


limited 
calculations. 
When 
not 
required 
by 
the 
code 
sequence 
being executed, 
it can be a temporary 
storage 
area. 


• 
Program 
Counter 
(PC) 


The 
program 
counter 
is an 
12-bit register. 
It contains 
the ad- 
dress 
that decides 
which 
instruction 
is to be executed 
next. 


• 
Stack 
Pointer 
(SP) 
The stack pointer 
is a 12-bit register. 
It contains 
the address 
of 


the next 
free location 
in the stack. 
Firstly, 
the stack pointer 
is set 


to location 
$07F. 
Then 
it is decremented 
as data is being 
pushed 


onto 
the stack 
and incremented 
as data 
is being 
pulled 
from 
the 


stack. 
The 
seven 
most 
crucial 
bits of the stack 
pointer 
are set to 
0000011 
permanently. 
The 
stack 
pointer 
is set 
to location 
$07F 


during 
and 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) 
instruc- 


tion. 
Subroutines 
and 
interrupts 
can 
be nested 
down 
to location 


$061 
which 
enables 
the 
programmer 
to use 
a maximum 
of 
IS 


• 
Condition 
Code 
Register 
(CC) 
The 
condition 
code 
register 
is a S-bit register. 
In the 
register, 


the 
results 
of the instruction 
just 
executed 
is indicated 
or nagged 


by each 
bit. These 
bits can be individually 
program 
tested 
specific 


action 
taken 
as a result 
of their 
state. 
The 
following 
paragraphs 


explain 
each individual 
code register 
bit. 


Half Carry 
(H) 
Indicates 
that a carry occurred 
between 
bits 3 and 4 during 
an 
arithmetic 
operation 
(ADD 
and ADC). 


Interrupt 
(II 
This 
bit is set to mask 
external 
interrupt 
((NT) 
and the IImer. 


If an interrupt 
takes 
place while this bit is set, it is latched 
and 


will not be processed 
until the interrupt 
bit is reset. 


Negative 
(NI 
Indicates 
that 
the 
result 
of the last data, 
arithmetic, 
or logical 


manipulation 
was 
negative 
(bit 
7 in 
result 
equal 
to a logic 
"one"). 


Zero 
(Z) 
It indicates 
that 
the result 
of the last data, 
arithmetic, 
or logi- 
cal manipulation 
was zero. 


Carry/Borrow 
(C) 
During 
the 
last arithmetic 
operation, 
it indicates 
that 
a carry 
or borrow 
out 
of the arithmetic 
unit 
(ALU) 
occurred. 
During 


branch 
instructions, 
rotates, 
bit test, 
and shifts, 
this bit is also 
affected. 
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C: 
Carry/Borrow 


Z: 
Zero 


N: 
Negative 
I : Interrupt 
Mask 


H: 
Half Carry 


~ 


ICCRI 


• 
TIMER 
The 
MCU 
timer 
circuitry 
is indicated 
in Figure 
5. Program 


control 
enables 
the 8-bit counter 
to be loaded 
and the clock input 


(prescaler 
output) 
decrements 
the 
counter 
toward 
zero. 
When 


the timer 
reaches 
zero, 
the 
timer 
interrupt 
request 
bit (bit 7) in 


the 
Timer 
Control 
Register 
(TCR) 
is set. 
The 
timer 
interrupt 


mask 
bit 
(bit 
6) 
in the 
TCR 
enables 
the 
timer 
interrupt 
to be 
masked 
(disabled). 
The 
timer 
also becomes 
inhibited 
by the 
in- 


terrupt 
bit 
(I-bit) 
in 
the 
Condition 
Code 
Register. 
When 
the 


MCU 
responds 
to 
the 
interrupt 
requirement, 
it maintains 
the 


present 
CPU 
state 
in the 
stack, 
fetches 
the 
timer 
interrupt 
vec- 


tors 
from 
locations 
SFF8 
and 
SFF9, 
and 
executes 
the 
interrupt 


routine. 
See INTERRUPT 
for more 
details. 
The 
timer 
clock 
input 
is established 
by way of bit 5 (TCR 
5) 


in the 
Timer 
Control 
Register. 
When 
this 
bit is set 
to a logic 
"one" 
(external 
mode), 
the 
Co/TIMER 
pin 
is the 
time 
clock 


source. 
In this mode, 
a mask 
option 
selects 
either 
the 
gated 
<1>, 


with 
Co or the 
positive 
transition 
on Co/TIM ER as timer 
clock 


source. 
This makes 
pulse 
widths 
or pulse counts 
easily measured. 


The 
timer 
clock source 
is the internal 
<1>, when 
TCR 
5 is set to a 


logic "zero". 
When 
bit 4 in the Timer 
Control 
Register 
is set to 


a logic "one", 
the time clock source 
is disabled. 


The 
timer 
continues 
to count 
past zero, 
falling through 
to SFF 


from 
zero, 
and 
then 
continuing 
to count. 
The 
counter 
can 
be 


monitored 
by 
reading 
the 
Timer 
Data 
Register 
(TOR). 
This 


allows 
a program 
to determine 
the 
length 
of time 
since 
a timer 


interrupt 
has occurred 
without 
disturbing 
the counting 
process. 
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Timer Data Reg. 
ITDRI 


and 
8-bit Counter 


Timer 
Interrupt 
Mask 


TCR7 --Timer 
Interrupt Request Status Bit; 
Set when TDR "0"; 
cleared to "0" during reset. 


TCR6 - - Timer Interrupt Mask Bit; 


When "''', 
timer 
interrupt 
is masked {disabledl. Set to "'" 


during reset. 


TCR5 - - External Timer Source; 
External 
when 
set to 
"'" 
and internal 
when set to 
"0", 
Cleared to "0" during reset. 


TCR4 -- 
Disable Timer; 
Timer source is disconnected when set to "'" 
and timer input 
enabled when set to "0", 
Cleared to "0" during reset. 


TCR bits 3, 2, , and 0; set to all "'" 
's (not used), 
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• 
SELF-CHECK 
The 
MCV 
has a self-check 
capability 
which 
allows an internal 


check 
to see 
whether 
a port 
is functional 
or 
not. 
Connect 
the 


MCV 
as indicated 
in Figure 
6 and monitor 
the output 
of Port C 
bit 
2 for an 
oscillation 
of approximately 
7 Hz. 
Pin 
7, a 9 volt 


level on the ",COMP 
input, 
energizes 
the ROM-based 
self-check 


feature. 
The 
self-check 
program 
exercises 
the timer, 
interrupts, 
1/ 


o ports, 
RAM, 
and ROM. 


• 
RESETS 
There 
are three 
ways to reset 
the MCV; 
initial power 
up, the 


external 
reset 
input 
RES), 
and 
by an internal 
low voltage 
detect 


circuit. 
See Figure 
7 for details. 
All the I/O ports are initialized 
to 


Input 
Mode 
(DDR's 
are cleared) 
during 
RESET. 


A delay 
of tRHL is essential 
upon 
power 
up before 
allowing 


the reset input 
to go "High". 


This 
time allows the internal 
crystal 
oscillator 
to stabilize. 
Suf- 


ficient 
delay 
can 
be 
provided 
by connecting 
a capacitor 
to 
the 


RES input 
as shown 
in Figure 
8. 


• 
INTERNAL 
OSCILLATOR 
The design 
of the internal 
oscillator 
circuit 
aims at the require- 


ment 
of minimum 
of external 
components. 
A crystal or an exter- 


nal signal 
can 
be used 
to drive 
the 
internal 
oscillator. 
Figures 
9 
and 
10 show 
different 
connection 
methods. 
Figure 
11 indicates 


the crystal 
specifications. 


The 
crystal 
oscillator 
startup 
time 
changes 
according 
to many 
variables: 
crystal 
parameters 
(especially 
Rs), 
oscillator 
load capac- 
itances, 
IC parameters, 
ambient 
temperature, 
and 
supply 
capaci- 


tances. 
To ensure 
rapid oscillator 
startup, 
neither 
the load capaci- 


tance 
nor 
the 
crystal 
characteristics 
should 
exceed 
the 
recom- 


mended 
value. 


28 
27 
RES 
A, 


26 
A. 
INT 
;h. 1.0"F 


25 
A, 


10kn 
24 
9V 
A. 
q,COMP 


23 
6 
A, 
NUM 


22 


A, 
,J 


21 
8 
VCC 
A, 
C,/TIMER 
,..j 


20 
9 
A, 
C, 


C, 
10 
,J 


HD6805T2 


19 
11 
330n 
x 3 
B, 
fin 


18 
B. 


17 
B, 
XTAL 


16 
B. 
D 
4MHz 


15 
4 
B, 
EXTAL 


14 
Jr 
22pF 
B, 


13 
3 
B, 
VCC 
VCC 


12 
VSS 
8, 


Figure 
6 
Self Check 
Connections 
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220kn 
28 


RES 


Part of 


HD6805T2 
MCU 


External 


Clock 
Input 


• 
INTERRUPTS 
The 
MCU 
can 
be 
interrupted 
three 
ways 
as 
follows: 
CD 
through 
the 
external 
interrupt 
((NT) 
input 
pin, Q) the 
internal 


timer 
interrupt 
request, 
Q) 
the 
software 
interrupt 
instruction 


(SWI). 
If any interrupt 
occurs, 
processing 
is in pending, 
the cur- 


rent 
CPU 
state 
is saved 
in the stack, 
the interrupt 
bit (I) in the 


condition 
Code 
Register 
is 
set, 
the 
address 
of 
the 
interrupt 


routine 
is received 
from 
the proper 
interrupt 
vector 
address, 
and 


finally the 
interrupt 
routine 
is carried 
out. The 
complete 
stacking 
the CPU 
registers, 
setting 
the I-bit, and vector 
fetching, 
a total of 


I I tcyc periods 
are required. 


Figure 
12 illustrates 
a flowchart 
of 
the 
interrupt 
sequence. 


When 
a return 
from 
interrupt 
(RTI) 
instruction 
is issued, 
the in- 


terrupt 
s(:rvH.:~ rOUlln~ 
mU~l b~ terminated 
to cau~~ (he 
."Ill> 
to 


resume 
processing 
of the program 
held by the interrupt 
(by pop- 


ping 
off the 
previous 
CPU 
state). 
Table 
1 lists 
the 
interrupts, 


their 
priority, 
and 
the 
address 
of the 
vector 
containing 
the start 


address 
of 
the 
proper 
interrupt 
service 
routine. 
The 
interrupt 


priority 
applies 
to those 
suspended 
when 
the CPU 
is ready 
for a 


4MHz= 
max 
4 
EXTAL 
HD~~~T2 


CL -22pF±20% J; 


AT - 
Cut Parallel Resonance Crystal 
Co = 7pF max. 
1-4 
MHz ICL =22pF±20%) 


Rs=60n 
max. 


new interrupt. 
Though 
RES is listed 
in Table 
I in that it is occa- 
sionally 
regarded 
as an interrupt, 
it is not 
normally 
used 
as such. 


When 
the 
interrupt 
mask 
bit in the Condition 
Code 
Register 
is 


set, the interrupt 
is latched 
for executing 
a later interrupt. 


The 
external 
interrupt 
is 
internally 
synchronized 
and 
then 


latched 
onto 
the negative 
edge of INT, 
which 
can be driven 
by a 


digital signal at a maximum 
period 
of tIWL. 


Interrupt 
Priority 
Vector 
Address 


RES 
, 
$FFE and $FFF 


SWI 
2" 
$FFC and $FFD 


INT 
3 
$FFA and $FFB 


TIMER 
4 
$FFB and $FF9 


Priority 2 applies when the I·bit in the condition Code Register is set. 
When I = O. SWI 
has priority 4, like any other instruction. Therefore. 


INT has priority 2 and the timer has priority 3. 
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I·bit 
(in CCR I 
TNT Logic 


OOR, 
A, B, C 


SP 


: set 


: Clear 


: all clear 


: 07F 


: 7F 


: FF 


: 4F 


Prescaler 


TOR 


TCR 


Load 
PCH/PCL 
from 


TIMER 
FF8/FF9 
INT 
FFA/FFB 
SWI 
FFC/FFO 
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• 
INPUT/OUTPUT 
The 
HD6805T2 
is provided 
with 
19 I/O pins 
(INT 
is also an 


input 
pin but 
is used 
only 
as an interrupt). 
The 
Data 
Direction 


Register 
(DDR) 
of each 
pin defines 
whether 
it is an input 
or an 
output 
("1" 
is an output; 
"0" 
is an input). 


Input 
Register 


Bit 


Port A, B, C 
Register 
Bit 


Port A, 8, C 
DDR 
Bit 


Port 
A. B. C 
1 
DDR 
Bit 
1 
0 


Port A, B. C 
1 
Register Bit 
0 
0/1 


Output 
State 
0 
1 
3-State4 


Input to MCU 
0 
1 
Pin 
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The 
DDR 
is initialized 
to all "O'''s 
by resetting 
and 
all pins 


become 
input. 
The 
output 
registers, 
not 
initialized 
by resetting, 


can 
be set 
before 
programming 
the 
DDR 
to prevent 
undefined 


level. 
Fig. 13 shows 
the latched 
output 
data may be read as input 


la) 


Port A: 
Drives CMOS and TTL 
loads directly 
when programmed as an 


output. 
Internal 
pull-up 
devices are 
included for 
CMOS driv- 
ability. For more details, refer to ELECTRICAL 
CHARACTER· 
ISTICS. 


B,·· 


Port B 
:·· 
B, 


data 
in the case programmed 
as an output 
regardless 
of the logic 


levels 
at the output 
pin due to output 
loading. 
If programmed 
as 


an output, 
port B can sink 
10 mA 
(VOL max = IV) 
and source 


I mA on each pin. 


All I/O 
lines, 
either 
for inputs 
or outputs, 
are TTL 
compati- 
ble. Both 
ports 
Band 
C as inputs 
are CMOS 
compatible; 
port 
A 


as outputs 
is CMOS 
compatible 
by mask 
option. 
Some 
of the 
port connections 
are shown 
in Fig. 14. Fig. 2 shows 
the data 
reg- 
ister and the DDR's 
address. 


Caution 


The 
DDR's 
corresponding 
to ports 
A, Band 
C (at $004, 
$005 
and 
$006) 
are provided 
for write operation 
only; 
the read opera- 


tion is not defined. 
BSET and BCLR for read/modify/write 
opera- 


tions 
don't 
set or clear 
DDRs, 
but 
unaffected 
bits can be set, so 


it is recommended to use a single-store instruction to write into 
DDR's. 


The 
latched 
output 
data 
can 
be written 
as shown 
in Fig. 
13. 
When 
writing 
to a port, 
any data can be written 
even 
in its DDR 


"input" 
mode. 
This 
initializes 
the 
data 
registers 
to prevent 
any 


uncertain 
output. 
But 
read/modify/write 
instructions 
should 
be 


handled 
carefully 
because 
read data depends 
on the 
I/O 
level 
of 


the pin with the 
DDR 
in the input 
(0) mode 
and on the latched 
output 
data with the DDR 
in the output 
(I) 
mode. 
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• 
PHASE 
LOCK 
LOOP 
{PLLI 


The 
HD6805T2 
has a Phase 
Lock Loop 
(PLL) 
which consists 


of a 14-bit binary 
variable 
divider, 
a IO-phase 
reference 
divider, 
a 


frequency 
and 
phase 
comparator 
which 
has a three-state 
output, 
and the circuits 
which prevent 
"backlash" 
in phase 
lock states. 


Fig. 
15 gives 
an easily 
established 
frequency 
synthesizer 
sys- 
tem 
driven 
by a voltage-controlled 
oscillator 
when 
connecting 
an 
adequate 
high-frequency 
prescaler 
and 
an active 
integrator. 
The 
equations 
controlling 
the PLL is shown 
in Fig. 16. 


LPF 
- 


VCO - 


Prescaler 


H· PI 
1 


</>COMP 
fin 


Phase 
Comparator 


14-bit Variable 
Divider 


(+ NI 


- 
c-- 
1\ 


fREF 
fVAR 
H06805T2 
'\\/ 


Reference 
Divider 
CPU 


(+ RI 
</>, 
</>, 


Divider 


(1/41 
</>, 


Of- 
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For a system in lock: fVAR 
""fREF 


since fin'" 
fVAR-N, 
tveo = finoP I p. Prescaler diving ratiol, 
fveo 
a fREF·P·N 


Minimum 
frequency 
step - 
nfveo 
= fREF'P 
oN 


•. g.: fel 
C 4.00 MHz. R .210 
(A-the 
reference dividing flticl, 
P-64 


M~~O 
a 62.5 kHz, fREF 
= 976.5 Hz 


• 
VARIABLE 
DIVIDER 


The 
variable 
devider, 
a 14-bit binary 
down 
counter, 
sends/re- 


ceives 
data 
to/from 
the 
CPU 
through 
read/write 
registers 
which 


are located 
at SOOA in the case of the Least 
Significant 
(LS) byte 


and 
S008 
in 
that 
of 
the 
Most 
Significant 
(MS) 
byte. 
"1" 
is 


always 
read 
from 
the 
high-order 
two 
bits 
of the 
S008 
register. 
The 
variable 
divider 
counting 
zero 
will generate 
a preset 
pulse 


fyAR. 
Fig. 
17 provides 
a PLL 
block 
diagram 
where 
the 
14-bit 


latch is reloaded 
to the variable 
divider. 


When 
the SOOA register 
is being 
written 
into, 
data 
is transfer- 
red from 
SOOA and S008 
registers 
to the latch, 
outside 
the preset 


time. 
Assume 
that 
6-bit data 
is transferred 
to S008 
register. 
The 


data 
is transferred 
to the variable 
divider 
only when 
SOA register 


is next 
written 
into. 
An errorless 
data 
transfer 
in the fine tuning 
operation 
is shown 
in Fig. 18. 
The 
14-bit 
latch 
is activated 
synchronously 
with 
the 
com- 


m unication 
between 
the CPU 
and the variable 
divider, 
which 
are 


asynchronous 
devices. 


When 
switching 
on, the PLL registers 
and the variable 
divider 
are fixed to "1". 
The 
variable 
frequency 
input 
pin, 
fin, is self biased 
requiring 
an ac coupled 
signal 
with a normal 
swing 
of 1.2V. As the 
input 


frequency 
of fin varies 
with the 
appropriate 
prescaler, 
the whole 


TV frequency 
spectrum 
may be included. 


• 
REFERENCE DIVIDER 
A reference 
frequency, 
fREF, is made 
by the 
10-phase 
binary 


counter 
and 
is compared 
with 
the 
variable 
divider 
output. 
This 


reference 
divider 
is mask 
optional 
and 
the 
user 
can 
select 
any 


frequency 
as shown 
in Fig. 17. 


1 
2iO 


Reference 
Divider 


) 


8 
8 
Register 
(SODA) 


Variable 
Divider 
Latch 


114 bits) 


114 bits) 


12' 
L_t 


Mask 
6 
6 


Option 
Register 
Divider 
(S008) 
1+ 
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LOA 
INCA 
BNE 
INC 
INC 


PLLA 
CTOl 
PLLB 
PLLA 


• 
PHASE COMPARATOR 
Both 
the frequency 
and phase 
of fVAR and fREF are compared 
by the phase 
comparator, 
whose 
relation 
will generate 
</>COMP, a 


three-level 
output, 
shown 
in Figs. 
19 and 
20. </>COMP is com- 


bined, 
amplified 
and the de voltage 
is supplied 
to the voltage 
con- 


trol oscillator. 


Internal 
transfer 
delays 
will prevent 
linear 
features 
in the sta- 


ble area. 
Non-linear 
characteristics 
are shown 
by the phase 
com- 


parators 
and 
this 
leads 
to a "backlash" 
effect 
which 
will cause 


sideband 
and 
FM distortion. 
Insertion 
of a very short 
pulse 
into 


the device 
will prevent 
this. On insertion, 
the loop tries to cancel 


the pulse 
to carry the phase 
comparator 
to the linear 
area 
shown 


in Fig. 21. 


Check if Low byte = "00" 
If not decrement 
only Low byte 
Decrement 
High byte 


Decrement Low byte 


CTUl 
PLLB 
PLLA 


Check if Low byte = "FF" 
If not increment 
only Low byte' 


Increment 
High byte 
Increment 
Low byte 


Phase Comparator 


Input 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408).435-8300 


fREF~ 


I 
I 
I 
I 
I 
:ll~-~ril---n--- 
I 
I 
I 
: 
I 
----, rtL 


I 
1 


High- I 
I 
n rise 
injection 


<PCOMP-U 
.-u= 


Low- 
terr 


HD6805T2 


II 
I 
l- 


I 
I 
IIII 
II 
II 
II 


~ 


• 
BIT MANIPULATION 
With 
one instruction 
IBSET, 
BCLR) 
the HD6805T2 
MCU 
can 


set or clear 
any single 
bit of the 
RAM 
and of the I/O ports 
(ex- 


cept 
the 
Data 
Direction 
Registers: 
- 
See 
Caution 
in 
the 


"INPUT/OUTPUT" 
paragraph). 
Except 
for 
the 
DDRs, 
any 
RAM 
or I/O bit in page zero 
including 
ROM, 
can be tested 
with 


the 
BRSET 
and 
BRCLR 
instructions, 
and 
the 
program 
can 


branch 
as a result 
of the state. 
The 
carry bit is equal 
to the value 


of the bit referenced 
by BRSET 
and BRCLR. 
A rotate 
instruction 


is used 
to pile up serial 
input 
data 
in a RAM 
location 
or register. 


Since 
the 
MCU 
deal 
with 
any 
bit in RAM, 
ROM 
and 
I/O, 
the 


user 
can 
use 
the 
bits 
in RAM 
as nags 
and 
handle 
I/O 
bits 
as 


control 
lines. 


See Figure 
22. It shows 
the usefulness 
of the bit manipulation 


and 
test 
instructions. 
The 
program 
is made 
up, 
on the 
assump- 


tion 
that 
the 
MCU 
is to communicate 
with an external 
serial de- 


vil:t.:. 
The 
~'\l"':lllaj ~...:nal d~vil:"': 
IS j)1 uvu.h::d with 
U u<.Jla bu~y 
~Ig- 


nal, 
a data 
input 
line, 
and a clock line to clock data 
one 
bit at a 


time, 
LSB first, out of the MCU. 
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HD6805T2, 
External 
device 


(Serial 
in/out) 


PORT 8 


BUSY 
B, 


B, 
CK 


DATA 
B, 


Tx 
BClR 
2, Port B, Tx 


BSET 
O. Port B 
BRSET 
0, RAMTX, Tx1 


BClR 
O. Port B 


Tx' 
BClR 
1, Port B 


BSET 
1, Port 8 


• 
ADDRESSING 
MODES 


The 
MCV 
is provided 
with 
ten 
addressing 
modes 
for 
pro- 


gramming. 
The 
following 
describes 
them 
briefly. 


• 
Immediate 
Refer 
to Figure 
23. The 
immediate 
addressing 
mode 
accesses 


constants 
which don't 
change 
during 
program 
execution. 
Such in- 


structions 
are 
two bytes 
long. 
The 
effective 
address 
(EA) 
is the 


PC 
and 
the 
operand 
is 
fetched 
from 
the 
byte 
following 
the 


opcode. 


• 
Direct 
Refer 
to 
Figure 
24. In direct 
addressing, 
the 
address 
of the 


operand 
is contained 
in the second 
byte, and the user can directly 


address 
the 
lowest 
256 bytes 
in the memory. 
All RAM 
space, 
II 
o registers 
and 
128 bytes 
of ROM, 
are 
located 
in page zero, 
to 


take advantages 
of this efficient 
memory 
addressing 
mode. 


• 
Extended 
Refer 
to Figure 
25. Extended 
addressing 
is used 
to reference 


any location 
in the memory 
space. 
The 
EA is the contents 
of the 


two bytes 
following 
the opcode. 
Extended 
addressing 
instruction 


are three 
bytes long. 


• 
Relative 
Refer 
to Figure 
26. The 
relative 
addressing 
mode 
applies 
only 
to branch 
instructions. 
In this mode 
the contents 
of the byte fol- 
lowing 
the 
opcode 
is added 
to 
the 
program 
counter 
when 
me 
branch 
occurs. 
EA = (PC) + 2 + ReI. Rei shows 
the contents 


of the 7-bit signed 
bit location 
following 
the instruction 
opcode. 
If 
branching 
doesn't 
occur, 
Rei = O. When 
a branch 
takes 
place, 
the 
program 
goes 
to somewhere 
within 
the 
range 
of + 129 bytes 


to 
126 
of 
the 
present 
instruction. 
These 
instructions 
are 
two 
bytes 
long. 


• 
Indexed (No offset! 
Refer 
to Figure 
27. This addressing 
mode 
accesses 
the lowest 


256 
bytes 
of the 
memory. 
These 
instruction 
are 
one 
byte 
long 


• 
Indexed IS-bit offset I 
Refer 
to Figure 
28. The 
EA is the sum 
of the contents 
of the 


byte following 
the opcode 
and the contents 
of the inaexea 
regis- 


ter. 
In 
this 
mode, 
511 
low 
memory 
locations 
are 
accessable. 


These 
instructions 
occupy 
two bytes. 


• 
Indexed (16-bit offset! 
Refer 
to Figure 
29. The 
EA is the sum 
of the contents 
of the 


two bytes 
following 
the opcode 
and the contents 
of the index 
reg- 


ister. 
Thus, 
the 
entire 
memory 
space 
may 
be accessed. 
Instruc- 


tions 
which 
use this addressing 
mode 
are three 
bytes long. 


• 
Bit Set/Clear 
Refer 
to Figure 
30. This 
addressing 
mode 
applies 
to instruc- 


tions which can set or clear any bit on page zero. The lower three 
bits in the opcode 
select 
the bit to be set or cleared. 
The 
byte fol- 


lowing the opcode 
specifies 
the address 
in page zero. 


• 
Bit Test and Branch 
Refer 
to Figure 
31. This 
addressing 
mode 
applies 
to instruc- 


tions 
which 
can 
test 
any 
bit in the 
first 256 
locations 
(SOD - 


SFF) 
and 
branch 
to any location 
relative 
to the 
Pc. 
The 
byte to 


be tested 
is addressed 
by the 
byte following 
the 
opcode. 
The 
in- 


dividual 
bit within 
the byte to be tested 
is addressed 
by the low- 


order 
three 
bits of the opcode. 
The 
third 
byte is the 
relative 
ad- 


dress 
to be added 
to the program 
counter 
if the branch 
condition 


is met. 
These 
instructions 
are three 
bytes 
long. The 
value 
of the 


tested 
bit is written 
into the carry bit in the code register. 


• 
Implied 
Refer 
to Figure 
32. The 
implied 
mode 
of addressing 
has 
not 


EA. All the information 
necessary 
to execute 
an instruction 
is in- 


cluded 
in the 
opcode. 
Direct 
operations 
on the accumulator 
and 


the index 
register 
are contained 
in this addressing 
mode. 
In addi- 


tion, 
control 
instructions 
such 
as SWI, 
RTf belong 
to this group. 


All implied 
addressing 
instructions 
are only one byte long. 
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I 
I 
I8 


Fa 
I 
Index 
e9 
I 
I 


Stack Point 


I 
I 
I 
I 
I 
I 
I 


A6 
Prog Count 


F8 
I 


05 CO 
I 


CC 
I 
I 


PROG 
LOA 
#$F8 
OSSE 


OSBF 


I 
I§ 


I 
I 
! 


PROG 
LOA 
CAT 
0520 


OS2E 


l_~ 


Stack 
Point 
I 


~ 
I 
I 
I 
I 
I 


OS2F 


CC 


1__ 
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i 
I 
I 


I 
I 


~ 


04091~' 


040A 
06 


040B 
E5 
J 


I 
I 


I__ 


Stack Point 
====1==== 


040C 


CC1==== 


i 
I 
: 


~ 
I 


PROG 
BEQ 
PROG2 
04A 7 
27 


04A8 
18 


~ 
I 
I 


A 
I 


I 


Stack Point 
====I~- 
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I 


""~ 
§ 


Index Reg 


BB 


Stack Point 


=============1============= 


TABL 
FCB 
#BF 
0089 
BF 


FCB 
#86 
008A 
86 


FCB 
#OB 
008B 
DB 


FCB 
#CF 
008C 
CF 


PROG 
LOA 
TABL. 
X 0758 
E6 


075C 
89 


I§ 


CC 
1_----' 


0750 


CC 


1__ 
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i 
I 
I§ 


PROG 
LOA 
TABL. 
X 0692 
§' 
06 
I 


0693 
07 


0694 
7E 


I 
I 


FCB 
#86 
077F 
86 


FCB 
#DB 
07BO 
DB 


FCB 
#CF 
0781 
CF 


PROG BCLR 
6. PORT B 
058F 


0590 


, 
, 


I 
I 


~ 
I 
I 
I 


Prog Count 


0695 


CCI,--~=== 
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A 
1=:======= 
Index Reg 


1'--_---' 
Stack 
POint 


======1======== 


I 
I 
I 


I 
I 


~ 
I 
I 
I 
I 
""8 


I 
I 


~ 


0588 


CC1_- 
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I 
I 


~ 


• 
INSTRUCTION 
SET 


There 
are 
59 
basic 
instructions 
classified 
into 
five 
different 


types: 
register/memory, 
read/modify/write, 
branch, 
bit manipula- 


tion, 
and 
control. 
The 
following 
briefly 
describes 
each 
type. 
In- 


dividual 
tables 
present 
all the instruction 
in a given 
type. 


e 
Register/Memory 
Instructions 


Refer 
to Table 
2. Most 
of these 
instructions 
use two operands. 
One 
operand 
is either 
the accum ulator 
or the index 
register. 
The 


other 
operand 
is got from 
the 
memory 
by using 
one 
of the 
ad- 


dressing 
modes. 
The 
jump 
unqmditional 
(JMP) 
and 
jump 
to 


subroutine 
(JSR) 
instructions 
have no register 
operand. 


e 
Read/Modify/Write 
Instructions 


Refer 
to Table 
3. These 
instructions 
read 
a memory 
address 


or a register, 
modify 
or test 
its contents, 
and write 
the 
modified 


result 
back 
into 
the 
memory 
or 
to the 
zero 
(TST) 
instruction 


does 
not execute 
"write," 
it is an exception 
to these 
instructions. 


Refer 
to Table 
4. These 
instructions 
cause 
a branch 
from 
the 


program 
when 
a certain 
condition 
is met. 


e 
Bit Manipulation 
Instructions 
Refer 
to Table 
5. The bit manipulation 
instructions 
are applied 


to any bit in the first 256 bytes of the memory. 
Some 
of these 
in- 


structions 
set or clear 
the 
bits. The 
others 
perform 
the 
test 
and 


branch 
operations. 


e 
Control 
Instructions 
Refer 
to Table 
6. These 
instructions 
control 
the 
MCV 
opera- 


tions during 
program 
execution. 


e 
Alphabetical 
Listing 
All the 
instructions 
above 
are 
listed 
in alphabetical 
order 
in 


Table 
7. 


e 
Opcode 
Map 
Table 
8 is an 
opcode 
map 
for 
the 
instructions 
used 
on 
the 


MCV. 
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Addressing 
Modes 


Function 
Mnemonic 
Immediate 
Direct 
Exten~ 
Indexed 
Indexed 
Indexed 


(No Offset) 
IS· Sit Offset) 
116·Bit 
Offset) 


00 
# 
# 
Do 
# 
# 
Do 
# 
# 
Do 
# 
# 
00 
# 
# 
00 
# 
# 


Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


load 
A from 
Memory 
lOA 
A6 
2 
2 
B6 
2 
• 
C6 
3 
S 
F6 
1 
• 
E6 
2 
S 
06 
3 
6 


load 
X from 
Memory 
lOX 
AE 
2 
2 
BE 
2 
• 
CE 
3 
S 
FE 
1 
• 
EE 
2 
S 
DE 
3 
6 


Store 
A in Memory 
STA 
- 
- 
- 
B7 
2 
S 
C7 
3 
6 
F7 
1 
S 
E7 
2 
6 
07 
3 
7 


Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
S 
CF 
3 
6 
FF 
1 
S 
EF 
2 
6 
OF 
3 
7 


Add 
Mt!mory 
to A 
ADD 
AB 
2 
2 
BB 
2 
• 
CB 
3 
S 
FB 
1 
• 
EB 
2 
S 
DB 
3 
6 


Add 
Memory 
and 


AoC 
A9 
2 
2 
B9 
2 
• 
C9 
3 
S 
F9 
1 
• 
E9 
2 
S 
09 
3 
6 
Carry 
to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
• 
CO 
3 
S 
FO 
1 
• 
EO 
2 
S 
DO 
3 
6 


Subtract 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
• 
C2 
3 
S 
F2 
1 
• 
E2 
2 
S 
02 
3 
6 
A with 
Borrow 


AND 
Memory 
to A 
AND 
A. 
2 
2 
B' 
2 
• 
C, 
3 
S 
F. 
1 
• 
E. 
2 
S 
D' 
3 
6 


OR 
Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
• 
CA 
3 
S 
FA 
1 
• 
EA 
2 
S 
oA 
3 
6 


Exclusive 
OR Memory 


EDR 
A8 
2 
2 
B8 
2 
• 
C8 
3 
S 
F8 
1 
• 
EB 
2 
S 
08 
3 
6 
with 
A 


Arithmetic 
Compare 
A 


CMO 
Al 
2 
2 
B1 
2 
• 
Cl 
3 
S 
Fl 
1 
• 
El 
2 
S 
01 
3 
6 
with 
Memory 


Arithmetic 
Compare 
X 
COX 
A3 
2 
2 
B3 
2 
• 
C3 
3 
S 
F3 
1 
• 
E3 
2 
S 
03 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 
BIT 
AS 
2 
2 
B5 
2 
• 
C5 
3 
5 
F5 
1 
• 
E5 
2 
5 
05 
3 
6 
(logal 
Compare) 


.k.Imp Unconditional 
JMP 
- 
- 
- 
8C 
2 
3 
CC 
3 
• 
FC 
1 
3 
EC 
2 
• 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
- 
- 
- 
Bo 
2 
7 
CD 
3 
B 
Fo 
1 
7 
ED 
2 
B 
DO 
3 
9 


Addressing Modes 


Function 
Mnemonic 
Implied 
(A) 
Implied 
(X) 
Direct 
Indexed 
Indexed 


(No Offset) 
(8·Bit Offset) 


op 
# 
# 
op 
# 
# 
op 
# 
# 
op 
# 
# 
op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
oEC 
4A 
1 
4 
SA 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
SF 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2's Complementl 


Rotate Left Thru Carry 
RoL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right Thru Carry 
RoR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
3B 
2 
6 
78 
1 
6 
68 
2 
7 


Logic.1 Shift 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift left 
ASl 
4B 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Negative or 
TST 
40 
1 
4 
50 
, 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 
Zero 
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Relative Addressing Mode 
Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IF Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch IF Carry Clear 
BCC 
24 
2 
4 


(Branch IF Higher or Same1 
(BHS) 
24 
2 
4 


Branch IF Carry Set 
BCS 
25 
2 
4 


(Branch IFLower) 
(BLO) 
25 
2 
4 


Branch IF Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEG 
27 
2 
4 


Branch IF Half Carry Clear 
BHCC 
2B 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch IF Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch IF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch IF Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AO 
2 
B 


Addressing Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
BRSET n (n=O .... 7) 
- 
- 
- 
2'n 
3 
10 


Branch IF Bit n is clear 
BRCLR n (n=O . ...7) 
- 
- 
- 
01+2'n 
3 
10 


Set BIt n 
BSET n (n=O ... .7) 
10+2'n 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O ..... 71 
11+2'n 
2 
7 
- 
- 
- 


Implied 


FunctIon 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry BIt 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
Subroutine 
RTS 
81 
1 
6 


Return 
from 
Interrupt 
RTI 
80 
1 
9 


Reset 
Stack 
POInter 
RSP 
9C 
1 
2 


No·Oper atlon 
NOP 
90 
1 
2 
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Addressing Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
~tl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
0 
0 
0 
0 
0 
0 
/\ • 
/\ 
/\ 
/\ 


ADD 
0 
0 
0 
0 
0 
0 
/\ • 
/\ 
/\ 
/\ 


AND 
0 
0 
0 
0 
0 
0 
• • 
/\ 
/\ • 
ASL 
0 
0 
0 
0 
• • 
/\ 
/\ 
/\ 


ASR 
0 
0 
0 
0 
• • 
/\ 
/\ 
/\ 


BCC 
0 
• • • • • 
BCLR 
0 
• • • • • 
BCS 
0 
• • • • • 
BEG 
0 
• • • • • 
BHCC 
0 
• • • • • 
BHCS 
0 
• • • • • 
BHI 
0 
• • • • • 
BHS 
0 
• • • • • 
BIH 
0 
• • • • • 
BIL 
0 
• • • • • 
BIT 
0 
0 
0 
0 
0 
0 
• • 
/\ 
/\ • 
BLO 
0 
• • • • • 
BLS 
0 
• • • • • 
BMC 
0 
• • • • • 
BMI 
0 
• • • • • 
BMS 
0 
• • • • • 
BNE 
0 
• • • • • 
BPL 
0 
• • • • • 
BRA 
0 
• • • • • 
BRN 
0 
• • • • • 
BRCLR 
0 
• • • • 
/\ 


BRSET 
0 
• • • • 
/\ 


BSET 
0 
• • • • • 
BSR 
0 
• • • • • 
CLC 
0 
• • • • 
0 


CLI 
0 
• 
0 • • • 
CLR 
0 
0 
0 
0 
• • 
0 
1 • 
CMP 
0 
0 
0 
0 
0 
0 
• • 
/\ 
/\ 
/\ 


COM 
0 
0 
0 
0 
• • 
/\ 
/\ 
1 


CPX 
0 
0 
0 
0 
0 
0 
• • 
/\ 
/\ 
/\ 


DEC 
0 
0 
0 
0 
• • 
/\ 
II • 
EOR 
0 
0 
0 
0 
0 
0 
• • 
II 
II • 
INC 
0 
0 
0 
0 
• • 
II 
II • 
JMP 
0 
0 
0 
0 
0 
• • • • • 
JSR 
0 
0 
0 
0 
0 
• • • • • 
LOA 
0 
0 
0 
0 
0 
0 
• • 
II II • 
LOX 
0 
0 
0 
0 
0 
0 
• • 
II II • 


Condition 
Code 
Symbols. 


H 
Half 
Carry 
(From 
Bit 
3) 
I 
Interrupt 
Mask 
N 
Negative (Sign Bitl 


Z 
Zero 


C 
Carry Bar row 


A 
Test 
and 
Set 
if 
True, 
Cleared 
Otherwise 
Not Affected 
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Addressing 
Modes 
Condition 
Code 


Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Implied 
Imme· 
Direct 
(No 
Setl 
Test & 
H 
I 
N 
Z 
C 
diate 
tended 
lative 
Offset) 
(8 Bits) 
(16 Bits) 
Clear 
Branch 


LSL 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


LSR 
0 
0 
0 
0 
• • 
0 
1\ 
1\ 


NEG 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


NOP 
0 
• • • • • 
ORA 
0 
0 
0 
0 
0 
0 
• • 
1\ 
1\ • 


ROL 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


ROR 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


RSP 
0 
• • • • • 
RT! 
0 
? 
? 
? 
? 
? 


RTS 
0 
• • • • • 


SBC 
0 
0 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


SEC 
0 
• • • • 
1 


SEI 
0 
• 
1 • • • 


STA 
0 
0 
0 
0 
0 
• • 
1\ 
1\ • 


STX 
0 
0 
0 
0 
0 
• • 
1\ 
1\ • 


SUB 
0 
0 
0 
0 
0 
0 
• • 
1\ 
1\ 
1\ 


SWI 
0 
• 
1 • • • 


TAX 
0 
• • • • • 


TST 
0 
0 
0 
0 
• • 
1\ 
1\ • 


TXA 
0 
• • • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 
3) 


I 
Interrupt 
Mask 
N 
Negative (Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 


/\ 
Test and Set if True, Cleared Otherwise 


• 
Not Affected 


? 
Load CC Register From Stack 
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Bit Manipulation 
Branch 
Read/Modify I'Nrite 
Control 
Register/Memory 


Test & 
Set/ 
Rei 
OIR I 
A 
I 
X 
I 
,Xl 
I ,XO 
IMP 
IMP 
IMM I 
OIR 
I EXT I 
,X2 
I 
)<1 
I ,XC 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
8 
I 
C 
I 
0 
I 
E 
I 
F 
- 
0 
8RSETO 
8SETO 
8RA 
NEG 
RTI" 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS" 
- 
CMP 
1 


2 
BRSET1 
BSET1 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLR1 
BLS 
COM 
SWI" 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEa 
ASR 
- 
TAX 
- 
I 
STAI+ll 
7 


8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
B 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CLI 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMPI-ll 
C 


0 
BRCLR6 
BCLR6 
BMS 
TST 
- 
NOP 
BSW I 
JSRI-31 
0 


E 
BRSET7 
BSET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
- 
TXA 
- 
I 
STXI+11 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/" 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 1/4 


(NOTE) 
1. 
"-" 
isan undefined operation code. 


2. 
The numbers in the lowermost row represent the number of bytes and cycles required (number of bytes/number 
of cycles). 


The number of cycles for the mnemonics asterisked (.) are as follows. 


RTl 
8 
TAX 
2 
RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 
OAA 
2 
BSR 
5 
STOP 
4 
CLI 
2 
WAIT 
4 
SEI 
2 


3. 
Add the parenthesized numbers to the number or cycle of an instruction. 
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Item 
Option 
Symbol 
Check 
Remarks 


Internal clock 
TIMER I 
0 


Timer Clock Source 
External clock 
TIMER E 
0 


Divide by 1 
TPR 1 
0 


Divide by 2 
TPR 2 
0 


Divide by 4 
TPR 4 
0 


Divide by 8 
TPR 8 
0 


Timer 
Prescaler 


Divide by 16 
TPR 16 
0 


Divide by 32 
TPR 32 
0 


Divide by 64 
TPR 64 
0 


Divide by 128 
TPR 128 
0 


Divide by 2 
RDR 2 
0 


Divide by 4 
RDR 4 
0 


Divide by 8 
RDR 8 
0 


Divide by 16 
RDR 16 
0 


Divide by 32 
RDR 32 
0 


Reference Divider Ratio 
Divide by 64 
RDR 64 
0 


Divide by 128 
RDR 128 
0 


Divide by 256 
RDR 256 
0 


Divide by 51 2 
RDR 512 
0 


Divide by 1024 
RDR 1024 
0 


Disable 
LVID 
0 


Low Voltage Inhibit 


0 
Enable 
LVIE 


CMOS 
CMOS 
0 


Output Port A 


TTL 
TTL 
0 
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HD6805U1------- 
MCU (Microcomputer Unit) 


The 
HD6805Ul 
is 
the 
8-bit 
Microcomputer 
Unit 
(MCU) 


which 
contains 
a CPU, 
on·chip 
clock, 
ROM, 
RAM, 
I/O 
and 


timer. 
It 
is designed 
for 
the 
user 
who 
needs 
an 
economical 


microcomputer 
with 
the 
proven 
capabilities 
of 
the 
HD6800· 
based 
instruction 
set. 


The 
foUowing 
are 
some 
of the 
hardware 
and 
software 
high· 


lights of the MCU. 


• 
HARDWARE 
FEATURES 


• 
B-Bit Architecture 


• 
96 Bytes 
of RAM 


• 
Memory 
Mapped 
I/O 


• 
2056 
Bytes 
of User ROM 


• 
Internal 
9·Bit Timer 
with 
7·Bit Prescaler 


• 
Vectored 
Interrupts 
- 
External 
and Timer 


• 
24 I/O Ports + B Input 
Port 
(B Lines LED Compatible; 
7 Bits Comparator 
Inputs) 


• 
On·Chip 
Clock 
Circuit 


• 
Self·Check 
Mode 


• 
Master 
Reset 
• 
Low Voltage 
Inhibit 
• 
Easy for System 
Development 
and Debugging 


• 
5 Vdc Single Supply 


• 
SOFTWARE 
FEATURES 


• 
Similar 
to HD6BOO 


• 
Byte 
Efficient 
Instruction 
Set 


• 
Easy to Program' 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 


• 
Versatile 
Interrupt 
Function 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable 
as Registers/Flags 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply 
to ROM, 
RAM and I/O 


• 
Compatible 
Instruction 
Set with MC6B05P2 


'.'. 


'":" :: 


110 
-. 
L._A,'.'. 


.. 
B, '~' 
B, 
B, 
B 
B. 
"0 
B, 
l,•••• 


B. 
B, 
.~ 
C 
"0 
l,".' 


'~' 


A, 


A. 


A, 


A. 


A, 


A, 


A, 


AO 


B, 


1 BB 
c, 
HD6B05Ul 
B, 


c, 
B. 


C. 
2 
B, 


C, 
2 
B, 


C. 
B, 


C, 
Bo 


4 00 


0, 


0, 


D. 
1 0, 


(Top 
View) 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc• 
-0.3-+7.0 
V 


Input Voltage (EXCEPT 
TIMER) 
. 
-0.3-+7.0 
V 


Input Voltage (TIMER) 
Vin 
-0.3 - +12.0 
V 


Operating Temperature 
Too, 
o -+70 
°c 


Storage Temperature 
Tstg 
- 55 - 
+150 
°c 


• 
With ,espect to Vss (SYSTEM 
GNDI 


(NOTE I 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal 
operation 
should be under 


recommended 
operating conditions. 
If these conditions 
are exceeded, it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC·S.25V 
± 0.5V, VSS·GND. 
Ta=o-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 - 
Vcc 
V 


Input "High" 
Voltage 
INT 
3.0 - 
Vcc 
V 


All Other 
V,H 
2.0 - 
Vcc 
V 


Input "High" 
Voltage (Timer) 
Timer Mode 
2.0 - 
Vcc 
V 


Self·Check Mode 
9.0 
- 
11.0 
V 


RES 
-0.3 - 
0.8 
V 


INT 
V'L 
-0.3 - 
0.8 
V 
Input "Low" 
Voltage 
EXTALlCrystal 
Mode) 
-0.3 
0.6 
V 
- 


All Other 
...Q.3 - 
0.8 
V 


Power Dissipation 
Po 
- 
- 
700 
mW 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


TIMER 
-20 
- 
20 
IJA 


Input Leak Current 
INT 
I'L 
V;n=0.4V-Vcc 
-50 
- 
50 
JJ.A 


EXTAL(Crystal 
Mode) 
-1200 - 
0 
JJ.A 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock Frequency 
tel 
0.4 
- 
4.0 
MHz 


Cycle Time 
tCYC 
1.0 
- 
10 
JJ.s 


Oscillation 
Frequency 
(External 
Resistor Mode) 
tEXT 
Rcp=15.0H1±I% 
- 
3.4 
- 
MHz 


INT Pulse Width 
tlWL 
tCyc+ 
- 
- 
ns 
250 


RES Pulse Width 
tAWL 
tcyc + 
- 
- 
ns 
250 


TIMER Pulse Width 
tTWL 


tCyc+ 
- 
- 
ns 
250 


Oscillation 
Start-up Time (Crystal Mode) 
tosc 
CL=22pF±20%. 
- 
- 
100 
ms 
Rs=60n 
max. 


Delay Time Reset 
tRHl 
External Cap. = 2.21lF 
100 
- 
- 
ms 


I 
XTAL 
- 
- 
35 
pF 
Input Capacitance 


I 
All Other 


Gin 
V;n=OV 


10 
pF 
- 
- 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH - -loj.tA 
3.5 
- 
- 
V 
Port A 
IOH: -l00j.tA 
2.4 
- 
- 
V 
Output "High" Voltage 
VOH 
IOH: -200j.tA 
2.4 
- 
- 
V 
Port B 
IOH:-lmA 
1.5 
- 
- 
V 


Port C 
IOH: -l00j.tA 
2.4 
- 
- 
V 


Port A and C 
IOL: 
1.6 mA 
- 
- 
0.4 
V 
Output "Low" Voltage 
VOL 
IOL: 3.2 mA 
- 
- 
0.4 
V 
Port B 
IOL: 
10 mA 
- 
- 
1.0 
V 
Input "High" Voltage 
Port A, B, C, 
VIH 
2.0 
- 
Vcc 
V 
Input "Low" Voltage 
and 0" 
V1L 
-0.3 
- 
0.8 
V 


Vin: 0.8V 
-500 
- 
- 
j.tA 


Port A 
Input Leak Current 
IlL 
Vin - 2V 
-300 
- 
- 
j.tA 


Port B, C. 
Vin:0.4V-Vcc 
- 
20 
- 
20 
j.tA 
and 0 


Input "High" Voltage 
Port 0"" 
VIH 
- 
VTH+0.2 
V 
(Do- 0.1 
- 


Input "Low" Voltage 
Port 0"" 
V1L 
- 
VTwO.2 
- 
V 
(Do- 0.1 


Threshold Voltage 
Port 0""(0,) 
VTH 
0 
- 
0.8 xVcc 
V 
" Port 0 as digital input 


"" Port 0 as analog input 


• 
SIGNAL 
DESCRIPTION 


The input 
and output 
signals for the MCU, shown in PIN 


ARRANGEMENT, are described in the following paragraphs. 
• 
Vcc.nd 
Vss 
Power is supplied to the MCU using these two pins. Vcc 
is +5.25V ±O.5V. Vss is the ground connection. 


• 
INT 
This pin prOVidesthe capability for asynchronously applying 


an external interrupt 
to the MCU. Refer to INTERRUPTS for 


additional information. 
• 
XTAL 
.nd EXTAL 


These pins provide connections 
for the on<hip clock circuit. 
A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost 
tradeoffs. Refer to INTERNAL OS- 


• 
TIMER 
This pin allows an external input to be used to decrement 


the 
internal 
timer circuitry. 
Refer to TIMER for additional 


information about the timer circuitry. 


• 
RES 
This pin allows resetting of the MCU at times other than 


the automatic 
reselling capability already in the MCU. Refer 


to RESETS for additional information. 


• 
NUM 
This pin is not for user application and should be connected 


to VSS . 


• 
HITACHI 


Hitachi America Ltd. • 2210 O'bole /we. 
• 
San Jose, CA 95131 • (408) 435-8300 


• 
Input/OU1Put Lines (Ao - A,. Bo - B,. Co - C,) 
These 24 lines are arranged into three 8-bit ports (A, Band 


C). All lines are programmable as either inputs or outputs under 
software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 


• 
Input Lines (Do - 
0,) 


These are g·bit input lines, which has two functions. Firstly, 


these are TIL 
compatible 
inputs, in location $003. The other 


function is 7 bits comparator, in location $007. Refer to INPUT 
for more details. 


• MEMORY 
The MCU memory is configured as shown in Figure 2. During 


the processing of an interrupt, 
the contents 
of the CPU regi· 


sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked fust; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter 
is loaded correctly 
as the stack pointer in· 


crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (pcH, 
PCL) contents 
to 


be pushed onto the stack. 


Caution: - Self Test ROM Address Area 


Self test ROM locations can not be used for a user program. 


If the user's program is in this location, it will be removed when 
manufacturing mask for production. 


6 
3 
2 
0 


000 
sooo 
Port A 
sooo 


I/O Poru 
T.,ner 
Port 8 
$00' 
RAM 1128 Bytes) 


'27 
S07F 
Port C 
$002 


'28 
S090 
Pori 
0 ldigitatl 
$003" 


ROM 


1128 Byt") 
POri A ODR 
SOO4' 


255 
Pon 
BOOR 
$005' 


256 
Port 
C OOR 
SOO6' 


Not Used 
Pori 0 lan.logi 
$007·· 


2047 
Timer 
Data Reg, 
SOO8 
2048 
TImer CTAL 
Reg. 
SOO9 


'0 
$OOA 


Not 
Used 
122 Byles) 


ROM 
SO'F 
(1920 
Bytes) 
S010 


S07F 


6 
4 
0 
Pull 


n-4 
Condition 
n+1 
Code Register 


n-J 
Accumu 
lator 
n +2 


n-2 
Index 
RegIster 
n+J 


n-1 
PCW 
n +4 


PCL' 
n+5 


Push 


• 
For 
subroutine 
calls, 
only 
PCH 
and peL are stacked. 


A 


7 
I 
X 


11 
I 
PC 


o 


====================1 
Index 
Register 
o 


=================================, 
Program 
Counter 
'1 
5 ~4 
•..•0 


____ 
s_P 
, 
Stack Pointer 


Negative 


Interrupt 
Mask 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435·8300 


• 
REGISTERS 
The CPU has five registers available to the programmer. 


They are shown in Figure 4 and are explained in the following 
paragraphs. 
• 
Accumulator 
(A) 


The accumulator 
is a general purpose 8-bit register used to 
hold operands 
and results of arithmetic 
calculations 
or data 


manipulations. 
• 
Index 
Register 
IX) 
The index register is an 8-bit register used for the indexed 


addressing mode. It contains an 8·bit address that may be added 
to an offset 
value to create an effective address. The index 


register 
can also be used 
for limited 
calculations 
and data 


manipulations 
when using read/modify/write 
instructions. When 


not required 
by a code sequence being executed, 
the index 


register can be used as a temporary storage area. 
• 
Program 
Counter 
(PCI 


The program 
counter 
is a 12-bit register that contains the 


address of the next instruction to be executed. 
• 
Stack 
Pointer 
(SP) 


The stack pointer is a l2-bit register that contains the address 


of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented 
as data is being 


pushed onto the stack and incremented 
as data is being pulled 


from the stack. The six most significant bits of the stack pointer 
are permanently 
set toסס OO011. During an MCU reset or the 


reset stack pointer (RSP) instruction, 
the stack pointer 
is set 


to location $07F. 
Subroutines 
and interrupts 
may be nested 


down to location $061 which allows the programmer to use up 
to IS levels of subroutine calls. 


• 
Condition 
Code 
Register 
(CCI 


The condition 
code register is a S-bit register in which each 


bit is used to indicate or flag the results of the instruction just 
executed. 
These bits can be individually tested by a program 


and specific action taken as a result of their state. Each indi- 
vidual condition 
code register bit is explained in the following 


paragraphs. 
Half Carry 
(H) 
Used during 
arithmetic 
operations 
(ADD 
and 
AOC) to 


Ttmer 


Input 


Pon 
,,-----, 
, 
, 
, 
, 


I 
' 
I 
, 
L. 
.J 


Manufacturing 
Mask 
Options 


indicate that a carry occurred between bits 3 and 4. 
Interrupt 
(I) 
This bit is set to mask the timer and external interrupt (INT). 


If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt. bit is reset. 
Negative 
IN) 
Used to indicate that the result of the last arithmetic,logical 


or data manipulation 
was negative (bit 7 in result equal to a 


logical one). 
Zero 
(Z) 
Used to indicate that the result of the last arithmetic, logical 


or data manipulation was zero. 
Carry/Borrow 
(Cl 
Used to indicate that a carry or borrow out of the arithmetic 


logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


• 
TIMER 
The MCU timer circuitry 
is shown in Figure S. The 8-bit 
counter, 
the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The CPU responds to this interrupt 
by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations 
$FF8 and $FF9 and executing the interrupt 
routine. 


The timer interrupt 
can be masked by setting the timer inter- 


rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition 
Code Register also prevents a time interrupt 
from 


being processed. 
The clock input to the timer can be from an external source 


applied to the TIMER input pin or it can be the internal 
1/>. 
signal. When the 
internal 
1/>. signal is selected as the input 
source, the node a is connected 
to b (see Fig. S). In case of the 
external source, the node b connects with c. When the 1/>. signal 
is used as the source, the clock signal is input to the prescaler 
while the TIMER input is "High". The source of the clock input 
is one of the options that has to be specified before manufac· 
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ture of the MCU. A prescaler option can be applied to the clock 
input that extends the timing interval up to a maximum of 128 
counts before decrementing the counter (TOR). The timer con- 
tinues to count past zero, falling through to $FF from zero and 
then continuing the count. Thus, the counter (TOR) can be read 
at any time by reading the TOR. This allows a program to deter- 
mine the length of time since a timer interrupt has occurred and 
not disturb the counting process. 
The TOR 
is 8-bit Read/Write 
Register in location 
$008. 


At power-up or reset, the TOR and the prescaler are initialized 
with all logical ones. 
The Timer Interrupt 
Request bit (bit 7 of the TCR) is set 


by hardware when timer count reaches zero, and is cleared by 
program or by hardware reset. The bit 6 of the TCR is writable 
by program. Both of those bits can be read by CPU. 
(NOTE) 
If the MCU Timer is not used, the TIMER input pin 
must be grounded. 


iiiiT 
A, 
40 


A. 
39 


RES 
A, 
J8 
T 2.2.F 
A, 
37 


6 
XTAl 
A, 
36 


A, 
35 


EXTAL 
A, 
J4 


Ao 
33 
H06805U1 
• 
TIMER (Resistor option) 
8, 
J2 


7 
NUM 
8, 
31 


8, 
30 


8, 
29 


9 
C, 
8, 
28 


10 
C, 
8, 
27 


11 
C, 
8, 
26 


12 
C, 
8" 25 


13 
C. 


14 
C, 
15 
C. 
16 
C, 


330 n 


330n 


JJon 


330n 


10kn 


10kn 


10kn 


Vec• 
Pin4 


Vss 
'" Pin 
1 


• 
SELF 
CHECK 
The self-check capability of the MCU provides an internal 


check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation 
of approximately 
3Hz. 
ROM, RAM, TIMER, 


Interrupts, 
I/O of Port A, Band C are checked by this capabil- 


ity . 
• 
RESETS 
The MCU can be reset three ways; by initial power-up, by 


the external 
reset input (RES) and by an optional 
internal 


low voltage inhibit circuit, see Figure 7. All the I/O port are 
initialized to input mode (DDRs are cleared) during reset. 


During power-up, a minimum of 100 milliseconds is needed 


before allowing the RES input to go "High". 


This time allows the internal crystal oscillator to stabilize. 


Connecting a capacitor to the RES input, as shown in Figure 8, 
typically provides sufficient delay. 
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• 
INTERNAL 
OSCILLATOR 
OPTIONS 


The 
internal 
oscillator 
circuit 
is designed 
to require 
a mini· 


mum 
of 
external 
components. 
A crystal, 
a resistor, 
a jumper 


wire, 
or 
an external 
signal 
may 
be 
used 
to 
generate 
a system 
clock 
with 
various 
stability/cost 
tradeoff. 
A 
manufacturing 


mask 
option 
is required 
to select 
either 
the 
crystal 
oscillator 
or 


the 
RC oscillator 
circuit. 
The 
different 
connection 
methods 
are 


shown 
in Figure 
9. Crystal 
specifications 
are given in Figure 
10. 


A resistor 
selection 
graph 
is given in Figure 
11. 


Part of 
HD6B05U 1 
MCU 


4 MHz c:J 
ma. 
5 EXTAL 
HD6B05U1 


MCU 


Approximately 
25% Accuracy 


tcyc = , .25J.15 
typo 


External Jumper 


External 


Clock 


Input 


AT 
- 
CUI 
Parallel 
Resonance 
Crystal 


C" 
'" 7 
pF 
max. 


f'" 
4 
MHz 


AS'" 
60n 
max 


XTAL~~EXTAL 


6 
~~ 
5 


ReSIstance 
(k~lJ 


Figure 
11 
TYPIcal 
ResIstor 
SelectIon 
Graph 
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, -I 
7F -SP 


o -OOR's 
CLR INT Logic 
FF -TOR 


7 F - 
Prescaler 


7F _ TCR 


Load PC From 
SWI :$FFC, $FFO 
fNi:$FFA, 
$FFB 


TIMER :$FFS,$FF9 


Data 
DIrectIon 
Output 
Output 
Input 
to 


RegIster 
Data 
BIt 
State 
MCU 


S" 


1 
0 
0 
0 


1 
, 
, 
, 


Figure 13 Typical Port I/O Circuitry 
0 
3·State 
P,n 
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• 
INTERRUPTS 
The 
CPU 
can 
be interrupted 
three 
different 
ways: 
through 


the external 
interrupt 
(INT) 
input 
pin, 
the internal 
timer 
inter- 


rupt 
request, 
and 
a software 
interrupt 
instruction 
(SWI). 
When 


any 
interrupt 
occurs, 
processing 
is suspended, 
the present 
CPU 


state 
is pushed 
onto 
the stack, 
the interrupt 
bit (I) in the Condi- 


tion 
Code 
Register 
is set, 
the 
address 
of the interrupt 
routine 
is 


obtained 
from 
the appropriate 
interrupt 
vector 
address, 
and the 


interrupt 
routine 
is executed. 
Stacking 
the CPU registers, 
setting 


the 
I bit, 
and 
vector 
fetching 
requires 
II 
cycles. 
The 
interrupt 


service 
routines 
normally 
end 
with 
a return 
from 
interrupt 


(RTI) 
instruction 
which 
allows 
the CPU to resume 
processing 
of 


the 
program 
prior 
to the 
interrupt. 
Table 
I provides 
a listing 
of 


the interrupts, 
their 
priority, 
and the vector 
address 
that 
contain 


the starting 
address 
of the appropriate 
interrupt 
routine. 


A flowchart 
of 
the 
interrupt 
processing 
sequence 
is given 


in Fig. 12. 


Table 
1 Interrupt 
Priorities 


Interrupt 
Priority 
Vector Address 


RES 
1 
$FFE 
and $FFF 


SWI 
2 
$FFC 
and $FFD 


fNT 
3 
$FFA 
and $FFB 


TIMER 
4 
$FF8 
and $FF9 


• 
INPUT/OUTPUT 
There 
are 
24 
input/output 
pins. 
All pins are programmable 


as either 
inputs 
or outputs 
under 
software 
control 
of the cor- 


responding 
Data 
Direction 
Register 
(DDR). 
When 
programmed 


as outputs, 
the 
latched 
output 
data 
is readable 
as input 
data, 


regardless 
of 
the 
logic 
levels 
at the 
output 
pin 
due 
to output 


loading 
(see 
Fig. 
13). When 
Port 
B is programmed 
for outputs, 
it is capable 
of 
sinking 
10mA 
on 
each 
pin 
(VOL 
= IV max). 


All input/output 
lines 
are TTL 
compatible 
as both 
inputs 
and 


l;I-T~LI 
mA 
Load 


ou tpu ts. Port 
A is CMOS compatible 
as outputs, 
and Port 
Band 


C lines are CMOS compatible 
as inputs. 
Figure 
14 provides 
some 


examples 
of port 
connections. 


• 
INPUT 
Port 
D can 
be used 
as either 
8 TTL 
compatible 
inputs 
or 
I 


threshold 
input 
and 
7 analog 
inputs 
pins. 
Fig. 
15 (a) shows 
the 


construction 
of 
port 
D. The 
Port 
D register 
at location 
$003 


stores 
TTL 
compatible 
inputs, 
and 
those 
in location 
$007 
store 


the 
result 
of comparison 
Do 
to 
D6 
inputs 
with 
D7 
threshold 


input. 
Port 
D has not 
only 
the conventional 
function 
as inputs 


but 
also 
voltage-comparison 
function. 
Applying 
the latter, 
can 


easily 
check 
that 
7 analog 
input 
electric 
potential 
max. exceeds 


the 
limit 
with 
the construction 
shown 
in Fig. 15 (b). Also, 
using 


one 
output 
pin 
of 
MCU, 
after 
external 
capacity 
is discharged 


at 
the 
preset 
state, 
charge 
the CR circuit 
of long 
enough 
time 


constant, 
apply 
the 
charging 
curve 
to the D7 pin. The construc- 


tion 
described 
above 
is shown 
in 
Fig. 
IS (c). 
The 
compared 


result 
of 
Do 
to 
D6 
is regularly 
monitored, 
which 
gives 
the 


analog 
input 
electric 
potential 
applied 
to 
Do to D6 pins 
from 


inverted 
time. 
This 
method 
enables 
7 inputs 
to 
be converted 


from 
analog 
to digital. 
Furthermore, 
combination 
of two 
func- 


tions 
gives 3 level voltages 
from 
Do to D6. 
Fig. 
15 (d) provides 


the example 
when 
VTH is set to 3.5V. 


• 
BIT 
MANIPULATION 
The 
MCU 
has 
the 
ability 
to 
set 
or clear 
any 
single 
random 


access 
memory 
or 
input/output 
bit 
(except 
the 
data 
direction 


registers) 
with 
a single 
instruction 
(BSET, 
BCLR). 
Any 
bit in 


the page zero read only memory 
can be tested, 
using the BRSET 


and 
BRCLR 
instructions, 
and 
the 
program 
branches 
as a result 


of its state. 
This 
capability 
to work 
with any bit in RAM, 
ROM 


or 
I/O 
allows 
the 
user 
to have 
individual 
flags 
in 
RAM 
or 
to 


handle 
single 
I/O bits as control 
lines. The example 
in Figure 
16 


illustrates 
the 
usefulness 
of 
the 
bit 
manipulation 
and 
test 
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instructions. 
Assume that bit 0 of port A is connected to a zero 


crossing detector circuit and that bit I of port A is connected to 
the trigger of a TRIAC which power the controlled hardware. 
This program, which uses only seven ROM locations, pro- 


vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated 
to provide turn- 


on at some later time which would permit pulse-width modula- 
tion of the controlled power. 


----- 
0, 


Reference 
Level 


D. 
Analog Input 6 


Port 


\ 


0 


D. 
Analog Input 0 


0, 


VTH 
(- 3.5VI 


D. 
3 LevelsInput 6 


Port 


\ 


0 


D. 


3 Levels Input a 


Input 
(SOO3) 
{SOO71 
Volta.,. 


OV - 
O.BV 
0 
0 


2.0V 
- 
3.3V 
1 
0 


3.7V 
- 
VCC 
1 
1 
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BRClR 0, PORT A, SELF 1 
BSET 1, PORT A 
BClR 
1, PORT A 


• 
ADDRESSING 
MODES 


The CPU has ten addressing modes available for use by the 


programmer. They are explained and .iIlustrated briefly in the 
following paragraphs. 
• 
Immediate 
Refer to Figure 17. The immediate addressing mode accesses 


constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 


the PC and the operand is fetched from the byte following the 
opcode. 
• 
Direct 
Refer to Figure 
J 8. In direct addressing, the address of the 


operand 
is contained 
in the second byte of the instruction. 


Direct addressing allows the user to directly address the lowest 
256 bytes in memory. 
All RAM space, I/O registers and 128 


bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 
• 
Extended 
Refer to Figure 19. Extended addressing is used to reference 


any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended 
addressing instruc- 


tions are three bytes long. 
• 
Relative 
Refer to Figure 20. The relative addressing mode applies only 


to the branch 
instructions. 
In this mode the contents 
of the 


byte 
following the opcode 
is added 
to the program counter 


when the branch is taken. EA=(pC}+2+Rel. ReI is the contents 
of the location 
following the instruction 
opcode with bit 7 


being the sign bit. If the branch is not taken Rel=O, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. 
These 


instructions are two bytes long. 
• 
Indexed (No Offset) 
Refer to Figure 21. This mode of addressing accesses the 


lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 
• 
Indexed (B-bit Offset) 
Refer 
to Figure 22. The EA is calculated 
by adding the 


contents 
of the byte following the opcode to the contents of 


the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
• 
Indexed (16-bit Offset) 
Refer to Figure 23. This addressing mode calculates the EA 


by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 


• 
Bit Set/Clear 
Refer 
to Figure 24. 
This mode 
of addressing applies to 


instructions 
which can set or clear any bit on page zero. The 
lower three bits in the opcode 
specify the bit to be set or 
cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 
address in page zero. 
• 
Bit Test and Branch 
Refer 
to Figure 25. This mode 
of addressing applies to 


instructions 
which can test any bit in the first 256 locations 


($OO-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 
• 
Implied 
Refer to Figure 26. The implied mode of addressing has no 


EA. All the information 
necessary to execute an instruction 
is 


contained in the opcode. Direct opera tions on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


• 
INSTRUCTION SET 
The MCU has a set of 59 basic instructions. 
They can be 


divided into five different types: register/memory, 
read/modify/ 


write, 
branch, 
bit 
manipulation, 
and control. 
The following 


paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
• 
Register/Memory Instructions 
Most of these instructions use two operands. One operand is 


either the accumulator 
or the index register. The other operand 
is obtained 
from memory using one of the addressing modes. 


The jump unconditional 
(JMP) and jump to subroutine (JSR) 


instructions have no register operand. Refer to Table 2. 
• 
Read/Modity!Write 
Instructions 
These 
instructions 
read a memory 
location 
or a register, 


modify or test its contents, and write the modified value back 
to memory 
or to the register. The test for negative or zero 


(TST) 
instruction 
is an exception 
to the read/modify/write 


instructions since it does not perform the write. Refer to Table 
3. 
• 
Branch Instruction, 
The branch 
instructions 
cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
• 
Bit Manipulation In,tructions 
These instructions are used on any bit in the first 256 bytes 


of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
• 
Control In,tructions 
The control instructions control the MCU operations during 


program execution. Refer to Table 6. 
• 
Alphabetical listing 
The complete instruction set is given in alphabetical order in 


Table 7. 
• 
Opcode Map 
Table 8 is an opcode map for the instructions used on the 


MCU . 
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PROG LOA #$F8 
05BE 


05BF 


/ 
" 


.... 
.... 


I 
F8 


Index..!j,.e9 


I 
C 


Stack 
POint 


I 
I 
I 
I 
I 
I 


A6 
Prog 
Count 


F8 
I 


05CO 


CC 
I 


I 
I 
I8 


I 
I§ 


I 
I 
II 


PROG 
LOA 
CAT 
0520 


052E 
10.-_---' 


Stack Point 


============= 
1============= 


~ 
I 
I 
I 
I 
I 


052F 


CCl==== 
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I 
I 
I 
@@ 


0409~' 
C6 
I 


040A 
06 


040B 
E5 
J 


I 
I 


1_----0 
Stack Point 
====1==== 


040C 


CC 
I 


: 
I 
I§ 


I 
I 


PROG 
BEO 
PROG2 
04A7 
27 


04A8 
18 


AI~_- 


Index 
Reg 
,__ 


Stack 
POint 
I 
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I 
I 


"'''~ 
§ 


Stack Point 
I 


05F5 


CC1----. 


Memory 


TABL 
FCB 
#BF 
00B9 
BF 


FCB 
#86 
OOBA 
B6 


FCB 
#OB 
OOBB 
DB 


FCB 
#CF 
008C 
CF 


PROG 
LOA 
TABL 
X 0758 
E6 


075C 
89 


I§ 


Index Reg 


03 


Stack 
Point 
___ 
1==== 


0750 


CC1'--_- 
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i 
• 


~ 


LOA 
TABL. 
X0692~'6 
• 


0693 
07 


0694 
7E 


• 
I 


Index Reg 


02 


Stack Point 


__ 
1'----_ 


TABL 
FCB 
#BF 
077E 
BF 


FCB 
#66 
077F 
66 


FCB 
#OB 
0780 
DB 


FCB 
#CF 
0781 
CF 


Figure 23 
Indexed (16-Bit Offset) Addressing Example 


PROG 
BCLR 
6. PORT B 
058F 


0590 


, 
I 


~,, 
I 


Prog Count 


0695 


CC1==== 


A 
1"'"---- 
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PROG 
BRCLR 
2. PORT C. PROG 2 
0574 


0575 


0576 


i 
I 
I 


I 
I 
§ 


I 
I 


I 
I 
O~A8 


I 
I@ 


A1==== 
Index Reg 
,'---- 
Stack 
POint 


==========l============= 
Prog Count 


0594 


Index Reg 


E5 


I 
I 
§ 


0588 


CC1_- 
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Addressing 
Modes 


Extended 
Indexed 
Indexed 
Indexed 
Function 
Mnemonic 
Immediate 
Dir!ct 
INoOffset) 
(S·Bit 
Offset) 
(16·Bit 
Offset) 


00 
# 
# 
00 
# 
# 
00 
# 
# 
00 
# 
# 
00 
# 
# 
00 
# 
# 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
!;ode 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 


Lo~ 
A from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load 
X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A In Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
07 
3 
7 


• Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
OF 
3 
7 


Add Mt!mory 
to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 


AOC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
09 
3 
6 
c.ry 
to A 


Sobtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Sobtract 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
, 
4 
E2 
2 
5 
02 
3 
6 
Awith 
Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
04 
3 
6 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
OA 
3 
6 


Exclusive 
OR 
Memory 


EOR 
AB 
2 
2 
B8 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
08 
3 
6 
with 
A 


Arithmetic 
Compare 
A 


CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
El 
2 
5 
01 
3 
6 
with 
Memory 


Arithmetic 
Compare 
X 


CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
03 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
05 
3 
6 
(LOQiClI 
Compare) 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Sobroutine 
JSR 
- 
- 
- 
BO 
2 
7 
CD 
3 
8 
FO 
1 
7 
ED 
2 
8 
DO 
3 
9 


Addressing Modes 


Function 
Mnc:Tlonic 
Implied 
(AI 
Implied 
IX) 
Direct 
Indexed 
Indexed 


INo Offset) 
18-Bit Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLA 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
12', Complement) 


Rotate Left Thru Carry 
AOL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right Thru Carry 
ADA 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical 
Shih 
Left 
LSL 
4B 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical Shift Right 
LSA 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift Right 
ASA 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Negative or 
TST 
40 
, 
4 
50 
1 
4 
3D 
2 
6 
7D 
1 
6 
60 
2 
7 
Zero 
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Relative 
Addressing 
Mode 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch 
Always 
BRA 
20 
2 
4 


Branch 
Never 
BRN 
21 
2 
4 


Branch 
IF Higher 
BHI 
22 
2 
4 


Branch 
IF lower 
or Same 
BlS 
23 
2 
4 


Branch 
IF Carry 
Clear 
BCC 
24 
2 
4 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch 
IF Carry 
Set 
BCS 
25 
2 
4 


(Branch 
IF lower) 
(BlO) 
25 
2 
4 


Branch 
IF Not Equal 
BNE 
26 
2 
4 


Branch 
IF Equal 
BEG 
27 
2 
4 


Branch 
IF Half Carry 
Clear 
BHCC 
28 
2 
4 


Branch 
IF Half Carry 
Set 
BHCS 
29 
2 
4 


Branch 
IF Plus 
BPl 
2A 
2 
4 


Branch 
IF Minus 
BMI 
2B 
2 
4 


Branch 
IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch 
IF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch 
IF Interrupt 
Line is low 
Bil 
2E 
2 
4 


Branch 
IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch 
to Subroutine 
BSR 
AO 
2 
8 


Addressing 
Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IF Bit n is set 
B RSET n (n=O ..... 7) 
- 
- 
- 
2'n 
3 
10 


Branch 
IF Bit n is clear 
BRClR 
n (n=O ..... 7) 
- 
- 
- 
01+2'n 
3 
10 


Set Bit n 
BSET n (n=O ..... 7) 
10+2'n 
2 
7 
- 
- 
- 


Clear bit n 
BClR 
n (n=O ..... 7) 
11+2'n 
2 
7 
- 
- 
- 


Implied 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry 
Bit 
SEC 
99 
1 
2 


Clear Carry 
Bit 
ClC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear 
Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return from Subroutine 
RTS 
81 
1 
6 


Return 
from 
Interrupt 
RTI 
80 
1 
9 


Reset 
Stack 
Pointer 
RSP 
9C 
1 
2 


No·Operation 
NOP 
90 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 
Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


ASL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 


BCLR 
x 
• • • • • 


BCS 
x 
• • • • • 


BEQ 
x 
• • • • • 


BHCC 
x 
• • • • • 


BHCS 
x 
• • • • • 


BHI 
x 
• • • • • 


BHS 
x 
• • • • • 


BIH 
x 
• • • • • 


BIL 
x 
• • • • • 


BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


BLO 
x 
• • • • • 


BLS 
x 
• • • • • 


BMC 
x 
• • • • • 


BMI 
x 
• • • • • 
BMS 
x 
• • • • • 


BNE 
x 
• • • • • 


BPL 
x 
• • • • • 


BRA 
x 
• • • • • 


BRN 
x 
• • • • • 


BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 


BSR 
x 
• • • • • 


CLC 
x 
• • • • 
0 


CLI 
x 
• 
0 • • • 


CLR 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


EaR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 


LDA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


LDX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition 
Code 
Symbols: 


H 
Hall 
Carry 
(From 
Bit 
3) 


I 
Interrupt 
Mask 
N 
Negati ..... 
e (Sign Bit) 


Z 
Zero 


C 
Carry Borrow 


A 
Test and Set 
if True. 
Cleared 
Otherwise 
Not Affected 
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Addressing 
Modes 
Condition 
Code 


Imme· 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 
Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(B Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


LSR 
x 
x 
x 
x 
• • 
0 
/\ 
/\ 


NEG 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ROL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ROR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


RSP 
x 
• • • • • 


RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
STX 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
/\ 
/\ • 
TXA 
x 
• • • • • 


Condition Code Symbols: 


H 
Half Carry (From Bit 3) 
I. 
Interrupt 
Mask 


N 
Negative (Sign Bit) 
Z 
Zero 


C 
Carry IBorrow 


/\ 
Test and Set 
if True, 
Cleared 
Otherwise 


• 
Not Affected 
? 
Load CC Register From Stack 
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Bit Manipulation 
Branch 
Read/Modify{Write 
Control 
Register/Memory 


Test & 
Sell 
Rei 
OIR 
I 
A 
I 
X 
I 
,Xl I ,XO 
IMP 
IMP 
IMM I OIR 
I EXT I ,X2 I )<1 I .XO 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
8 
I 
C 
I 
0 
I 
E 
I 
F 
- 
0 
8RSETO 
8SETO 
8RA 
NEG 
RTI" 
- 
SU8 
0 


1 
8RCLRO 
BCLRO 
BRN 
- 
RTS" 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLRl 
BLS 
COM 
SWI" 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSETJ 
BSET3 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BED 
ASR 
- 
TAX 
- 
I 
STA(+I) 
7 


8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 


9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CLI 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMP(-11 
C 


0 
BRCLR6 
BCLR6 
BMS 
TST 
- 
NOP 
BSW 
I 
JSRI+31 
0 


E 
BRSET7 
BSET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
- 
TXA 
- 
I 
STXI+l) 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/" 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 
1/4 


(NOTE) 
1. 
Undefined opcodes are marked with "-". 
2. 
The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cyclesl. 
Mnemonics followed by a .••.• require a different number of cycles as follows: 


RTI 
9 


RTS 
6 
SWill 
BSR 
8 


3. 
( 
indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805V1-------- 
MCU (Microcomputer 
Unit) 


The 
HD6805Vl 
is 
the 
8-bit 
Microcomputer 
Unit 
(MCU) 


which 
contains 
a CPU. 
on-chip 
clock. 
ROM. 
RAM. 
I/O 
and 


timer. 
It 
is designed 
for 
the 
user 
who 
needs 
an 
econol"ical 


microcomputer 
with 
the 
proven 
capabilities 
of 
the 
HD6800- 


based 
instruction 
set. 


The 
foUowing 
are 
some 
of the 
hardware 
and software 
high- 
lights of the MCU. 


• 
HARDWARE 
FEATURES 


• 
8-Bit Architecture 
• 
96 Bytes 
of RAM 
• 
Memory 
Mapped 
I/O 


• 
3848 
Bytes 
of User ROM 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 


• 
Vectored 
Interrupts 
- 
External 
and Timer 


• 
24 I/O Ports 
+ 8 Input 
Port 


(8 Lines LED Compatible; 
7 Bits Comparator 
Inputs) 


• 
On-Chip 
Clock 
Circuit 


• 
Self-Check 
Mode· 
• 
Master 
Reset 
• 
Low Voltage 
Inhibit 


• 
Easy for System 
Development 
and Debugging 


• 
5 Vdc Single 
Supply 


• 
SOFTWARE 
FEATURES 


• 
Similar 
to HD6800 
• 
Byte 
Efficient 
Instruction 
Set 


• 
Easy to Program 
• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 
• 
Versatile 
Interrupt 
Function 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable 
as Registers/Flags 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply 
to ROM. 
RAM and I/O 


• 
Compatible 
Instruction 
Set with 
MC6B05P2 


A. 
A, 


1'"" 
:: 
110 A. 
l,ne. 
:: 


A. 


B. 
"8. 
Po" 


,. 
B 
B. 
110 
8, l'''t. 
B. 
B. 


A, 


A. 


A, 


A. 


A, 


A, 


A, 


A¢ 


B, 


HD6805Vl 
B. 


B, 


B. 


'" 


0, 


0, 


(Top 
View) 


~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


c.c, 
C. 
Po" 
C, 
C 
C. 
I/O 
C. 
L,ne. 
C. 
C, 


o. 
0, 
0, 
1',,'1 
O. 
0 
Q. 
InpYl 
Do 
L,ne. 
b. 
D,'V 
••• 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc . 
-0.3-+7.0 
V 


Input Voltage (EXCEPT 
TIMER) 
. 
-0.3 - 
+7.0 
V 


Input Voltage (TIMER) 
Vin 
-0.3-+12.0 
V 


Operating Temperature 
Too, 
o - +70 
°c 


Storage Temperature 
Tstg 
- 55 - 
+150 
°c 


.• 
With respect 
to Vss (SYSTEM 
GNOl 


(NOTE I 
Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. 
If these conditions are exceeded, it could affect reliability 
of LSI . 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc=5.25V 
± 0.5V, VSS=GND, Ta=Q-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
V 


Input "High" 
Voltage 
INT 
3.0 
- 
Vcc 
V 


All Other 
V,H 
2.0 
- 
Vcc 
V 


Timer Mode 
2.0 
- 
Vcc 
V 
Input "High" 
Voltage (Timer) 
Self·Check Mode 
9.0 
11.0 
V 
- 


RES 
-0.3 - 
0.8 
V 


INT 
V'L 
-0.3 - 
0.8 
V 
Input "Low" 
Voltage 
EXTAL(Crystal 
Mode) 
-0.3 - 
0.6 
V 


All Other 
-0.3 
- 
0.8 
V 


Power Dissipation 
Po 
- 
- 
700 
mW 


Low Voltage Recover 
LVR 
- 
~ 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


TIMER 
-20 
- 
20 
!iA 


Input Leak Current 
INT 
I'L 
V,n=O.4V-Vcc 
-50 
- 
50 
!iA 


XTAL(Crystal 
Mode) 
-1200 - 
0 
!iA 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock Frequency 
fel 
0.4 
- 
4.0 
MHz 


Cycle Time 
teyc 
1.0 
- 
10 
!is 


Oscillation 
Frequency 
(External 
Resistor Mode) 
fEXT 
Rcp= 15.0k!/±1 % 
- 
3.4 
- 
MHz 


INT Pulse Width 
t'WL 
teyc + 
- 
- 
ns 
250 


RES Pulse Width 
tAWL 
teye 
+ 
- 
- 
ns 
250 


TIMER 
Pulse Width 
tTWL 
teye 
+ 
- 
- 
ns 
250 


Oscillation 
Start·up Time I Crystal Model 
lose 
CL=22pF±20%, 
- 
- 
100 
ms 
Rs=60!l 
max. 


Delay Time Reset 
tRHL 
External Cap. = 2.2 !iF 
100 
- 
- 
ms 


Input Capacitance 
I 
XTAL 
- 
- 
35 
pF 
I 
All Other 
C,n 
V,n=OV 
- 
- 
10 
pF 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH - -lOI'A 
3.5 
- 
- 
V 
Port A 
IOH = -1001'A 
2.4 
- 
- 
V 


Output 
"High" 
Voltage 
VOH 
IOH = -2001'A 
2.4 
- 
- 
V 
Port 
B 
IOH = -1 
mA 
1.5 
- 
- 
V 


Port C 
IOH = -1001'A 
2.4 
- 
- 
V 


Port A and C 
~!-=1.6mA 
- 
- 
0.4 
V 


Output 
"Low" 
Voltage 
VOL 
IOL = 3.2 mA 
- 
- 
0.4 
V 
Port 
B 
IOL = 10 mA 
- 
- 
1.0 
V 


Input 
"High" 
Voltage 
Port 
A. B. C. 
VIH 
2.0 
- 
Vcc 
V 


Input 
"Low" 
Voltage 
and D* 
VIL 
-0.3 
- 
0.8 
V 


Vin = 0.8V 
-500 
- 
- 
I'A 
Port A 


Input 
Leak Current 
IlL 
Vin = 2V 
-300 
- 
- 
I'A 


Port 
B. C. 
Vin = O.4V - 
Vcc 
- 
20 
- 
20 
I'A 
and D 


Input 
"High" 
Voltage 
Port 
D** 
VIH 
- 
VTH+0.2 
- 
V 
(Do - 
D6) 


Input 
"Low" 
Voltage 
Port D** 
V1L 
- 
VTwO.2 
- 
V 
(Dn - 
D6) 


Th resho Id Vol tage 
Port 
D**(D7) 
VTH 
0 
- 
0.8 xVcc 
V 
* Port 
D as digital 
input 
** Port 
D as analog 
input 


TTL 
Equiv. 
(port 
A and CI 
( vcc 


Ii"" 
1.6mA 
2.4kH 


Test 
POint 


" 
V, 


30 pF 
24 kH 


• 
SIGNAL 
DESCRIPTION 
The 
inpu t and 
output 
signals 
for 
the 
MCV, 
shown 
in PIN 


ARRANGEMENT, 
are described 
in the following 
paragraphs. 


• 
Vcc 
and Vss 
Power 
is supplied 
to 
the 
MCV using 
these 
two 
pins. 
Vcc 
is +5.25V 
±O.5V. Vss 
is the ground 
connection. 


• 
INT 
This 
pin 
provides 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCV. 
Refer 
to INTERRUPTS 
for 


additional 
information. 
• 
XTAL 
and EXTAL 
These 
pins 
provide 
connections 
for the on-chip 
clock 
circuit. 


A crystal 
(AT 
cut, 
4 MHz maximum), 
a resistor 
or an external 


signal 
can be connected 
to these 
pins 
to provide 
a system 
clock 


with 
various 
stability/cost 
tradeoffs. 
Refer 
to INTERNAL 
OS- 


CILLATOR 
OPTIONS 
for recommendations 
about 
these 
inputs. 


• 
TIMER 
This 
pin 
allows 
an external 
input 
to 
be used 
to decrement 


the 
internal 
timer 
circuitry. 
Refer 
to 
TIMER 
for 
additional 


information 
about 
the timer 
circuitry. 


• RES 
This 
pin 
allows 
resetting 
of the 
MCV 
at 
times 
other 
than 


the 
automati<: 
resetting 
capability 
already 
in the 
MCV. 
Refer 


to RESETS 
for additional 
information. 


• 
NUM 
This pin is not 
for user 
application 
and should 
be connected 


to Vss. 
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• 
Input/Output 
Lines (Ao - 
A7• 
Bo - 
B7• Co - 
C7) 


These 24 lines are arranged into three 8-bit ports (A, Band 


C). All lines are programmable as either inputs or outputs under 
software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 


• 
Input 
Lines 
(Do - 
071 


These are 8-bit input lines, which has two functions. Firstly, 


these are TTL compatible 
inputs, in location $003. The other 


function is 7 bits comparator in location $007. Refer to INPUT 
for more details. 


3967 
3968 


Self-test 


4087 
4088 


Interrupt 
Vectors 
188ytes) 


4095 
SFFF 


Figure 
2 


6 
4 
° 


Pu II 


• MEMORY 
The MCU memory is configured as shown in Figure 2. During 


the processing of an interrupt, 
the contents 
of the CPU regi- 
sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter 
is loaded correctly 
as the stack pointer in- 


crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (pCH, PCL) contents 
to 


be pushed onto the stack. 


Caution: - Self Test ROM Address Area 


Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 


765432 
0 


0 
Port A 


Port B 


2 
Port C 


Port 0 (digitall 


4 
Port A DDR 


Port 8 DDR 


6 
Port C DDR 


Port 0 (analog) 


8 
Timer Data Reg. 


9 
Timer eTR L Reg. 


10 


Not Used 122 8ytes) 


31 
32 
RAM (96 8ytes) 


Stack 


$000 


$001 


$002 


$003"" 


$004" 


$005" 


$006" 


$007"" 


S008 


$009 


$OOA 


Write only registers 
•• 
Read only register 


MCU 
Memory 
Configuration 


7 
0 


'- 
A 
--'I Accumulator 
, 
1 '1 
ConditIon 
Code Register 


Accumulator 


Index 
RegIster 


1 
1 
1 ,I 
PCH· 


PCL" 


__________ 
0 


_____ 
x 
~l,ndex 
Register 


o 
I Program Counter 


11 
5_4 
0 


____ 
s_p 
1 
Stack 
Pointer 


Negative 


Interrupt 
Mask 
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• 
REGISTERS 
The CPU has five registers available to the programmer. 


They are shown in Figure 4 and are explained in the following 
paragraphs. 
• 
Accumulator 
(A) 
The accumulator 
is a general purpose 8·bit register used to 


hold operands 
and results of arithmetic 
calculations 
or data 
manipulations. 
• 
Index 
Register 
(Xl 


The index register is an 8-bit register used for the indexed 


addressing mode. It contains an 8-bit address that may be added 
to an offset 'value to create an effective address. The index 
register 
can also be used 
for limited 
calculations 
and data 
manipulations when using read/modify/write 
instructions. When 


not required 
by a code sequence being executed, 
the index 


register can be used as a temporary storage area. 
• 
Program 
Counter 
(PC) 
The program counter 
is a 12-bit register that contains the 


address of the next instruction to be executed. 
• 
Stack 
Pointer 
(SP) 
The stack pointer is a 12-bit register that contains the address 


of the next free location on the stack. Initially, the stack point· 
er is set to location $07F and is decremented 
as data is being 


pushed onto the stack and incremented 
as data is being pulled 


from the stack. The six most significant bits of the stack pointer 
are permanently 
set toסס OO011. During .an MCU reset or the 


reset stack pointer (RSP) instruction, 
the stack pointer is set 


to location $07F. 
Subroutines 
and interrupts 
may be nested 


down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 


• 
Condition 
Code 
Register 
(CCI 


The condition 
code register is a 5·bit register in which each 


bit is used to indicate or flag the results of the instruction just 
executed. 
These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition 
code register bit is explained in the following 


paragraphs. 
Half Carry 
(H) 


Used during 
arithmetic 
operations 
(ADD 
and 
ADC) to 


indicate that a carry occurred between bits 3 and 4. 


Timer 


Input 
P,n 
r-----' 
, 
, 
, 
, 


I 
' 
I 
I 
L. 
.J 


Interrupt 
(I) 
This bit is set to mask the timer and external interrupt (INT). 


If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative 
(N) 


Used to indicate that the result of the last arithmetic,logical 
or data manipulation 
was negative (bit 7 in result equal to a 


logical one). 
Zero 
(Z) 
Used to indicate that the result of the last arithmetic. logical 
or data manipulation was zero. 
Carry/Borrow 
(C) 


Used to indicate that a carry or borrow out of the arithmetic 


logic unit (ALU) occurred during the las( arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


• 
TIMER 
The MCU 'timer circuitry 
is shown in Figure 5. The 8-bit 


counter, 
the Timer Data Register (TOR), is loaded under pro- 


gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The CPU responds to this interrupt 
by saving the present 


CPU state on the stack, fetching the timer interrupt vector from 
locations 
$FF8 and $FF9 and executing the interrupt 
routine. 


The timer interrupt 
can be masked by setting the timer inter- 


rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition Code Register also prevents a timer interrupt 
from 


being processed. 


The clock input to the timer can be from an external source 


applied to the TIMER input pin or it can be the internal 
rf>, 


signal. When the 
internal 
rf>, 
signal is selected as the input 


source, the node a is connected 
to b (see Fig. 5). In case of the 


external source, the node b connects with c. When the rf>, signal 
is used as the source, the clock signal is input to the prescaler 
while the TIMER input is "High". The source of the clock input 
is one of the options that has to be specified before manufac- 
ture of the MCU. A prescaler option can be applied to the clock 
input that extends the timing interval up to a maximum of 128 
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counts before decrementing the counter (TOR). The timer con- 
tinues to count past zero, falling through to $FF from zero and 
then continuing the count. Thus, the counter (TOR) can be read 
at any time by reading the TOR. This allows a program to deter- 
mine the length of time since a timer interrupt has occurred and 
not disturb the counting process. 


The TOR is 8-bit Read/Write 
Register in location 
$008. 


At power-up or reset, the TOR and the prescaler are initialized 
with all logical ones. 
The Timer Interrupt 
Request bit (bit 7 of the TCR) is set by 
hardware when timer count reaches zero, and is cleared by pro- 
gram or by hardware reset. The bit 6 of the TCR is writable by 
program. Both of those bits can be read by CPU. 
(NOTE) 
If the MCU Timer is not used, the TIMER input pin 
must be grounded. 


• 
SELF 
CHECK 


The self-check capability 
of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation 
of approximately 
3Hz. ROM, RAM, TIMER, 


Interrupts, 
I/O of Port A, Band 
C are checked by this capabil- 
ity. 


• 
RESETS 
The MCU can be reset three ways; by initial power-up, by 


the 
external 
reset input 
(RES) and by an optional 
internal 


low voltage inhibit circuit, see Figure 7. All the I/O port are 
initialized to input mode (OORs are cleared) during reset. 


During power-up, a minimum of 100 milliseconds is needed 
before alloWingthe RES input to go "High". 


This time allows the internal crystal oscillator to stabilize. 


Connecting a capacitor to the RES input, as shown in Figure 8, 
typically proVides sufficient delay. 


iNT 
A, 
40 


A. 
39 


2 
RES 
A, 
38 
T22J,F 
A. 
37 


6 
XTAl 
A, 
36 


A, 
35 


EXTAL 
A, 
34 


A. 
33 


+9V 
8 
HD6805V1. 


TIMER (Resistor option) 


8, 
32 


7 
NUM 
B. 
31 


Vcc 
B, 
30 


B. 
29 


330 Tl 
9 
C, 
B, 
28 


330 Tl 
10 
C, 
B, 
27 


330 Tl 
11 
C, 
B, 
26 


330 Tl 
12 
C, 
B.. 25 


10l<n 
13 
C. 


10kTl 
14 
C, 


10kTl 
15 
C. 


10kll 
16 
C, 


Vcc=P,n4 
• Refer 
10 Figure 
9 
about crystal option 


VSS 
= Pin 1 
Figure 
6 
Self Check 
Connections 
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• 
INTERNAL 
OSCILLATOR 
OPTIONS 


The internal oscillator circuit is designed to require a mini- 
mum of external components. 
A crystal, a resistor, a jumper 


wire, or an external signal may be used to generate a system 
clock 
with 
various stability/cost 
tradeoff. 
A manufacturing 


mask option is required to select either the crystal oscillator or 
the RC oscillator circuit. The different connection methods are 
shown in Figure 9. Crystal specifications are given in Figure 10. 
A resistor selection graph is given in Figure II. 


Part of 
HD6805Vl 
MCU 


Approximately 
25% Accuracy 


tcyc 
= 1.25 IlS typo 
External 
Jumper 


External 


Clock 


Input 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


e" 
= 7 pF max. 
f.: 4 MHz 
RS = 60 H max. 


XTAL~~EXTAL 


6 
~~ 
5 


Resistance 
(knl 


Figure 11 Typical Resistor Selection Graph 
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• 
INTERRUPTS 
The CPU can be interrupted 
three different ways: through 


the external interrupt 
(lNT) input pin, the internal timer inter- 


rupt request, and a software interrupt 
instruction (SWI). When 


any interrupt 
occurs, processing is suspended, the present CPU 


state is pushed onto the stack, the interrupt bit (I) in the Condi- 
tion Code Register is set, the address of the interrupt routine is 
obtained from the appropriate 
interrupt vector address, and the 


interrupt 
routine is executed. Stacking the CPU registers, setting 


the I bit, and vector fetching requires II cycles. The Interrupt 
service routines 
normally 
end with a return 
from interrupt 


(RT!) instruction which allows the CPU to resume processing of 
the program prior to the interrupt. 
Table 1 prOVidesa listing of 


the interrupts, their priority, and the vector address that contain 
the starting address of the appropriate interrupt routine. 
A flowchart 
of the interrupt 
processing sequence is given 


in Fig. 12. 


Interrupt 
Priority 
Vector Address 


RES 
1 
$FFE and $FFF 


SWI 
2 
$FFC and $FFD 


TNT 
3 
$FFA and $FFB 
TIMER 
4 
$FFB and $FF9 


• 
INPUT/OUTPUT 
There are 24 input/output 
pins. All pins are programmable 


as either inputs or outputs 
under software control of the cor- 


responding Data Direction Register (DDR). When programmed 
as outputs, 
the latched output 
data is readable as input data, 


regardless of the logic levels at the output 
pin due to output 
loading (see Fig. 13). When Port B is programmed for outputs 
it is capable of sinking lOmA on each pin (VOL = IV max). 
All input/output 
lines are TIL compatible as both inputs and 


l;rT~LI 
mA 
Load 


outputs. Port A is CMOS compatible as outputs, and Port Band 
C lines are CMOS compatible as inputs. Figure 14 provides some 
examples of port connections. 


• 
INPUT 
Port D can be used as either 8 TIL compatible inputs or 1 


threshold input and 7 analog inputs pins. Fig. 15 (a) shows the 
construction 
of port D. The Port D register at location 
$003 
stores TIL compatible inputs, and those in location $007 store 
the result of comparison 
Do to D6 inputs with D7 threshold 


input. Port D has not only the conventional function as inputs 
but also voltage-comparison 
function. 
Applying the latter, can 


easily check that 
7 analog input electric potential max. exceeds 


the limit with the construction shown in Fig. 15 (b). Also, using 
one ou tput pin of MCU, after external capacity is discharged 
at the preset state, charge the CR circuit of long enough time 
constant, apply the charging curve to the D7 pin. The construc- 
tion described above is shown in Fig. 15 (c). The compared 
result 
of Do to D6 is regularly monitored, 
which gives the 
analog input electric potential 
applied ·to Do to D6 pins from 


inverted 
time. This method enables 
7 inpu ts to be converted 


from analog to digital. Furthennore, 
combination 
of two func- 


tions gives 3 level voltages from Do to D6. Fig. IS (d) provides 
the example when VTH is set to 3.5V. 


• 
BIT MANIPULATION 
The MCU has the ability to set Or clear any single random 


access memory or input/output 
bit (except 
the data direction 


registers) with a single instruction 
(BSET, BCLR). Any bit in 


the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, 
and the program branches as a result 


of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 16 
illustrates 
the 
usefulness 
of 
the bit 
manipulation 
and 
test 
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instructions. 
Assume that bit 0 of port A is connected to a zero 


crossing detector circuit and that bit I of port A is connected to 
the trigger of a TRIAC which power the controlled hardware. 


This program, which uses only seven ROM locations, pro- 


vides turn-<ln of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated 
to provide turn- 
on at some later time which would permit pulse-width modula- 
tion of the controlled power. 


c. 


~ 


D,~ 


D, 


VTH 
(= 3.5V) 


D. 
3 Levels Input 6 


Port 


\ 


D 


D. 
3 Levels Input 0 


Input 
($003) 
1$007) 
Volta •• 


OV - 
O.8V 
0 
0 


2.0V - 
3.3V 
, 
0 


3.7V - 
Vcc 
, 
, 
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BRCLR 
0, PORT 
A, SELF 
1 
BSET 
I, PORT 
A 
BCLR 
I, PORT 
A 


• 
ADDRESSING 
MODES 


The CPU has ten addressing modes available for use by the 


programmer. They are explained and illustrated briefly in the 
following paragraphs. 


• 
Immediate 
Refer to Figure 17. The immediate addressing mode accesses 


constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 


the PC and the operand is fetched from the byte following the 
opcode. 


• 
Direct 
Refer to Figure 18. In direct addressing, the address of the 


operand 
is contained 
in the second byte of the instruction. 


Direct addressing allows the user to directly address the lowest 
256 bytes in memory. 
All RAM space, I/O registers and 128 


bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 


• 
Extended 
Refer to Figure 19. Extended addressing is used to reference 


any location in memory space. The EA is the contents of the 
two bytes following the opeode. 
Extended addressing instruc· 


tions are three bytes long. 


• 
Relative 
Refer to Figure 20. The relative addressing mode applies only 


to the branch 
instructions. 
In this mode the contents 
of the 


byte 
following the opcode 
is added 
to the program counter 


when the branch is taken. EA=(PC)+2+Rel. Rei is the contents 
of the location 
following the instruction 
opcode with bit 7 


being the sign bit. If the branch is not taken Rel=O, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. 
These 


instructions are two bytes long. 
• 
Indexed 
(No Offset) 
Refer to Figure 21. This mode of addressing accesses the 


lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 
• 
Indexed 
(8-bit 
Offset) 
Refer 
to Figure 22. The EA is calculated 
by adding the 


contents 
of the byte following the opeode to the contents of 


the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
• 
Indexed 
(16-bit 
Offset) 


Refer to Figure 23. This addressing mode calculates the EA 


by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions 
which use this addressing mode are three 


bytes long. 


• 
Bit Set/Clear 
Refer 
to Figure 
24. This mode 
of addressing applies to 


instructions 
which can set or clear any bit on page zero. The 


lower three bits in the opcode 
specify the bit to be set or 


cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 


address in page zero. 
• 
Bit Test and Branch 
Refer to Figure 25. This mode of addressing applies to 


instructions 
which can test any bit in the first 256 locations 


($OO·$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 


• 
Implied 
Refer to Figure 26. The implied mode of addressing has no 


EA. All the information 
necessary to execute an instruction is 


contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


• 
INSTRUCTION 
SET 
The 
MCV 
has a set of S9 basic instructions. 
They can be 


divided into five different types: register/memory, 
read/modify/ 


write, 
branch, 
bit 
manipulation, 
and control. 
The following 


paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
• 
Register/Memory 
Instructions 
Most of these instructions use two operands. One operand is 


either the accumulator or the index register. The other operand 
is obtained 
from memory using one of the addressing modes. 


The jump unconditional 
(JMP) and jump to subroutine (JSR) 


instructions have no register operand. Refer to Table 2. 
• 
Read/Modity/Write 
Instructions 
These 
instructions 
read a memory 
location 
or a register, 


modify or test its contents, and write the modified value back 
to memory 
or to the register. The test for negative or zero 


(TST) 
instruction 
is an exception 
to the read/modify/write 


instructions since it does not perform the write. Refer to Table 
3. 
• 
Branch 
Instructions 
The branch 
instructions 
cause a branch from the program 


when a certain condition is met. Refer to Table 4. 
• 
Bit Manipulation 
Instructions 
These instructions are used on any bit in the first 2S6 bytes 


of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table S. 


• 
Control 
Instructions 
The control instructions control the MCV operations during 


program execution. Refer to Table 6. 
• 
Alphabetical 
Listing 
The complete instruction 
set is given in alphabetical order in 


Table 7. 
• 
Opcode 
Map 
Table 8 is an opcode map for the instructions used on the 


MCV. 
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I 
I 


~ 


Addressing 
Modes 


Function 
Mnemonic 
Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 


(No Offset) 
IS· Bit Offset) 
(16·Bit 
Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
CYCles 


Load A from 
Memory 
LDA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A in Memory 
5TA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
DF 
3 
7 


Add 
Mt!mory 
to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 
Carry 
to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory 
from 
sac 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 
A with Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive 
OR 
Memory 
, 


with 
A 
EDR 
A8 
2 
2 
88 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
D8 
3 
6 


Arithmetic 
Compare 
A 
CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
El 
2 
5 
D, 
3 
6 
with 
Memory 


Arithmetic 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
, 
4 
E5 
2 
5 
D5 
3 
6 
(Logtail 
Compare) 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump 
to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DD 
3 
9 


Addressing 
Modes 


Function 
Mnemonic 
Implied 
(AI 
Implied 
(XI 
Direct 


Indexed 
Indexed 


(No Offset I 
(8-8it 
Offset I 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
, 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2'$ 
Complement) 


Rotate 
left 
Thru 
Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate 
Right 
Thru 
earry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


logical 
Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical 
Shift 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift 
Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift 
Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test 
for 
Negative 
or 


TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 
Zero 
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Relative Addressing Mode 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch I F Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch I F Carry Clear 
BCC 
24 
2 
4 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch I F Carry Set 
BCS 
25 
2 
4 


(Branch 
IF Lower) 
(BLO) 
25 
2 
4 


Branch I F Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEG 
27 
2 
4 


Branch I F Half Carry Clear 
BHCC 
28 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch I F Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch I F Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch I F Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
B 


Addressing Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
B RSET n (n-O ..... 7) 
- 
- 
- 
2·n 
3 
10 


Branch IF Bit n is clear 
BRClR 
n (n=O ..... 7) 
- 
- 
- 
01+2·n 
3 
10 


Set Bit n 
BSET n (n=O ..... 7) 
10+2·n 
2 
7 
- 
- 
- 


Clear bit n 
BClR 
n (n=O .... 7) 
11+2-n 
2 
7 
- 
- 
- 


Implied 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
ClC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
Cli 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return 
from 
Subroutine 
RTS 
B1 
1 
6 


Return 
from 
Interrupt 
RTI 
Bo 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme· 
Ex· 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ASL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEQ 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
BLO 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 
BRN 
x 
• • • • • 
BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 
BSR 
x 
• • • • • 
CLC 
x 
• • • • 
0 
CLI 
x 
• 
0 • • • 
CLR 
x 
x 
x 
x 
• • 
0 
1 • 
CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
EOR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 
LDA 
x 
x 
x 
x 
x 
x 
• • 
1\ 
/\ • 


LDX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition 
Code Symbols 


H 
Half 
Carry 
(From 
Bit 
31 
I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Btt) 
Z 
Zero 


C 
Carry Borrow 


1\ 
Test and Set if True, Cleared OtherwIse 
Not Affected 
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Addressing 
Modes 
Condition 
Code 
---, 


Indexed 
Bit 
Bit 
Imme· 
Ex- 
Re· 
Indexed 
Indexed 
Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


LSR 
x 
x 
x 
x 
• • 
0 
1\ 
1\ 


NEG 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


ROL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ROR 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


RSP 
x 
• • • • • 
RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


STX 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
1\ 
1\ • 
TXA 
x 
• • • • • 


Condition 
Code Symbols 
H 
Harf Carry 
(From 
Bit 3) 
I 
J nterrupt 
Mask 
N 
Negative (Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 


1\ 
Test 
and 
Set 
if True, 
Cleared 
Otherwise 


• 
Not Affected 


7 
Load CC Register From Stack 
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Bit Manipulation 
Branch 
Read/Modifyl'Nrite 
Control 
Register/Memory 


Test &: 
Setl 
Rei 
OIR I 
A 
I 
X 
I 
,Xl I ,XO 
IMP 
IMP 
IMM I 
OIR 
I EXT I 
,X2 
I 
Xl 
I ,XO 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
B 
I 
C 
I 
0 
I 
E 
I 
F 
- 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRI 
BCLRI 
BLS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSETJ 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
- 
TAX 
- 
I 
STA(+11 
7 


8 
8RSET4 
8SET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
8HCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CLI 
ORA 
A 


8 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMPI-l) 
C 


0 
8RCLR6 
BCLR6 
BMS 
TST 
- 
NOP 
BSW I 
JSR(+31 
0 


E 
BRSET7 
BSET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
8CLR7 
81H 
CLR 
- 
TXA 
- 
I 
STXI+lI 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/' 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 1/4 


(NOTE) 
1. 
Undefined opcodes are marked with "-". 
2. 
The number at the bottom of each column denote the number of bytes and the number of cycles reQuired (Bytes/Cycles). 
Mnemonics followed by a ..•.. require a different number of cycles as follows: 
RTI 
9 


RTS 
6 


SWill 
BSR 
8 


3. 
( 
indicate that the number in parenthesis must be added to the cycle count for that instruction . 
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HD6805W1 
MCU 
(Microcomputer Unit) 


The 
HD6805WI 
is 
an 
8-bit 
microcomputer 
unit 
(MCU) 


which 
contains 
a CPU, 
on-chip 
clock, 
ROM, 
RAM, 
standby 
RAM, 
an A/D 
Converter, 
I/O 
and 
two 
timers. 
It is a member 
of 


the 
HD6805 
family 
which 
is designed 
for 
user 
who 
needs 
an 


economical 
microcomputer 
with 
proven 
capabilities 
of 
the 


HD6800-based 
instruction 
set. 


The 
following 
are 
some 
of the 
hardware 
and 
software 
high- 


lights 
of the MCU. 


• 
HARDWARE 
FEATURES 


• 
8-Bit Architecture 
• 
96 Bytes 
of RAM 


(8 bytes 
are standby 
RAM functions) 


• 
Memory 
Mapped 
I/O 


• 
3848 
Bytes 
of User ROM 


• 
Internal8-Bit 
Timer 
(Timer 
1) with 
7·Bit Prescaler 
• 
Internal 
B·Bit Programmable 
Timer 
(Timer 
2) 


• 
Interrupts 
- 2 External 
and 4 Timers 


• 
23 TTL/CMOS 
compatible 
I/O Lines; 8 Lines Directly 


Drive 
LEDs. 


• 
On-Chip 
8-Bit, 
4-Channel 
A/D Converter 
• 
On-Chip 
Clock 
Circuit 


• 
Self-Check 
Mode 
• 
Master 
Reset 
• 
Low Voltage 
Inhibit 


• 
Easy for System 
Development 
and Debugging 


• 
5 Vdc Single 
Supply 


• 
SOFTWARE 
FEATURES 


• 
Similar 
to HD6800 


• 
Byte 
Efficient 
Instruction 
Set 


• 
Easy to Program 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instructions 


• 
Versatile 
Interrupt 
Function 


• 
Powerful 
Indexed 
Addressing 
for Tables 


• 
Full Set of Conditional 
Branches 


• 
Memory 
Usable 
as Registers/F 
lags 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply 
to ROM, 
RAM and 
I/O 


• 
Compatible 
with 
MC6805P2, 
HD6805S1 
and HD6805V1 


Vss 


RAMEIRES 
INT, 
vcc 


EXTAL 


XTAL 


NUM 


TIMER 


C. 
C, 
C, 
C, 
C. 


ICIC, 
OCIC. 


INT1/Do 


ANo/O, 


AN,/Ol 
AN1/0) 
AN]/O. 
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A, 
A. 
A, 
A. 
A, 
A, 
A, 
A. 
B, 


B. 
B, 
B. 
8, 
B, 
8, 
B. 
AVec 
AVss 
VAH/Ds 
VCC Standby 


Prescaler 1 


8 


TIMER-2 
Accumulator 


Prescaler 2 
8 
A 


Prescaler Control 
Index Register 
8 Register 2 
8 
X 


Timer 
Data 
Condition 
Code 
8 Register 2 
Register 
Timer 
5 
CC 
CPU 
8 
Status Register 2 
Stack Point 


lOCI 
Output 
Compare 
6 
SP 
8 Register 


Input Capture 
Program Counter 


IIC) 
8 Register 
"High" 
4 
PCH 
Timer Control 
Progr~~ Counter 
8 Register 2 
8 
"Low 
PCl 


c 
~ 
_e 
~ 
.~ 
AlU 
6~ 
a: 
:!'s, 
u 
~~ 
(; 
oa: 


"- 


Ao 
A, 
~ 
c 
A, 
0 


A, 
'Z' 
-~ 


A. 
a: 
,~ 
'- 


<l: 
o:!! 
A, 


~'~ 
A. 
~ 
A, 
oa: 


AID 
Control 
Status Register 
8 


80 
8, 
8, 
8, 
8. 
8, 
--8. 


8, 


Port C 
I/O 
Lines 


Co 
C, 
C, 
C, 
C. 
C, 
(lC) 
C. 
lOCI 


Port 0 
Input 
Lines 


OollNT,1 
D.IANo) 
D2IAN1) 
D) 
(AN2) 


0 .• (AN)) 
0, 
(VRH) 


ADC 
Lines 
AVec 
AVss 
IVRHI 


IANol 
(AN,) 
IAN,I 
IAN,I 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee 
-0.3 - 
+7.0 
V 


Input Voltage (EXCEPT 
TIMER) 
-0.3 - 
+7.0 
V 


Input Voltage (TIME R) 
Vin 
-0.3 - 
+12.0 
V 


Operating Temperature 
Topr 
o - 
+70 
°c 


Storage Temperature 
T stg 
-55 
- 
+150 
°c 


(NOTE) 
This device has an input protection circuit for high Quiescent voltage and field. however, be careful not 
to impress a high input voltage than the insulation maximum 
value to the high input impedance circuit. 
To insure normal operation, the following are recommended for Vin and Vout; 
Vss ~ 
(V in or Vout) ~ VCC 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vee = 5.25V ±0.5V. Vss = GND, Ta = 0 -+70°C, 
unless otherwise noted.! 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vee 
V 


Input "High" 
Voltage 
INT"tNT2 
3.0 
- 
Vee 
V 


All Others 
V'H 
2.0 
- 
Vee 
V 


Timer Mode 
2.0 
- 
Vee 
V 
Input "High" 
Voltage (Timer) 


Self·Check Mode 
9.0 
11.0 
V 
- 


RES 
-0.3 
- 
0.8 
V 


Input "Low" 
Voltage 
INT"tNT2 
V'L 


-0.3 
- 
0.8 
V 


EXTAL(Crystat 
Mode) 
-0.3 
- 
0.6 
V 


All Others 
-0.3 
- 
0.8 
V 


Power Dissipation 
Po 
- 
- 
750 
mW 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
LVI 
- 
4.0 
- 
V 


TIMER 
-20 
- 
20 
IlA 


Input Leak Current 
tNT"INT2 
I'L 
V'n=O.4V'-Vee 
-50 
- 
50 
IlA 


EXTAL(Crystal 
Mode) 
-1200 
- 
0 
IlA 


Standby Voltage 


Nonoperation 
Mode 
VSBB 
4.0 
- 
Vee 


Operation Mode 
Vee 


V 


VSB 
4.75 
- 


Standby Current 
Nonoperation 
Mode 
ISBB 
VSBB=4.0V 
- 
- 
3 
mA 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock Frequency 
fel 
0.4 
- 
4.0 
MHz 


Cycle Time 
tcvc 
1.0 
- 
10 
IlS 


Oscillation 
Frequency (External 
Resistor Mode) 
fEXT 
Rep=15.0k~Hl% 
- 
3.4 
- 
MHz 


mT1 Pulse Width 
tlWL 
tcvc+ 
- 
- 
ns 
250 


RES Pulse Width 
tAWL 
tCyc+ 
- 
- 
ns 
250 


TIMER 
Pulse Width 
tTWL 
tCyc+ 
- 
- 
ns 
250 


Oscillation 
Start·up Time (Crystal Mode) 
tose 
CL =22pF±20% 
- 
- 
100 
ms 
Rs=60n 
max. 


Delay Time Reset 
tRHL 
External Cap. = 2.21lF 
100 
- 
- 
ms 


I 
XTAL. 
VRH/Ds 
- 
- 
35 
pF 
Input Capacitance 


I 
All Others 


Cin 
V;n=OV 
10 
- 
- 
pF 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH = -101lA 
3.5 
- 
- 
V 
Port A 
IOH=-looIlA 
2.4 
- 
- 
V 


Output 
"High" 
Voltage 
VOH 
IOH = -200 IlA 
2.4 
- 
- 
V 
Port B 
IOH=-lmA 
1.5 
- 
- 
V 


Port C 
IOH = -l00IlA 
2.4 
- 
- 
V 


Ports A and C 
IOL = 1.6 mA 
- 
- 
0.5 
V 


Output 
"Low" 
Voltage 
VOL 
IOL = 3.2 mA 
- 
- 
0.5 
V 


Port B 


IOL=10mA 
- 
- 
1.0 
V 


Input 
"High" 
Voltage 
Ports A, B, C 
V,H 
2.0 
- 
Vcc 
V 


Input 
"Low" 
Voltage 
and D 
V,L 
-0.3 
- 
O.B 
V 


Vi" = O.BV 
-500 
- 
- 
jJ.A 


Port A 


Input 
Leak Current 
I'L 
Vi" = 2V 
-300 
- 
- 
IlA 


Ports B, C and D 
V," = 0.4V-Vcc 
-20 
- 
20 
IlA 


• 
AID 
CONVERTER 
ELECTRICAL 
CHARACTERISTICS 
(Vcc 
= 5.25V±O.5V, 
Vss = AVss 
= GMD, Ta = 0 - +70°C, unless 


otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Analog Power Supply 
AVcc 
4.75 
5.25 
5.75 
V 
Voltage 


Analog 
Input 
Voltage 
AVin 
0 
- 
VRH 
V 


Reference Voltage 
VRH 
4.75V ~ V cc ~ 5.25V 
4.0 
- 
Vcc 
V 


5.25V < Vcc 
~ 5.75V 
4.0 
- 
5.25 
V 


Analog Multiplexer 
Input 
- 
- 
7.5 
pF 
Capacitance 


Resolution 
Power 
- 
8 
- 
Bit 


Conversion Time 
at 4MHz 
76 
76 
76 
tcyc 


Input Channels 
4 
4 
4 
Channel 


Absolute 
Accuracy 
Ta = 25°C 
- 
- 
±1.5 
LSB 
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• 
SIGNAL 
DESCRIPTION 


The input 
and output 
signals for the MCU, shown in PIN 


ARRANGEMENT, are described in the following paragraphs. 


• 
Vcc 
and Vss 


Voltage is supplied to the MCV using these two pins. Vcc is 


5.25V ±0.5V. Vss is the ground connection. 


• 
INT,/INT, 
This pin provides the capability for asynchronously applying 


an external 
interrupt 
to 
the MCU. Refer to INTERRUPTS 


for additional information. 


• 
XTAL and EXTAL 
These pins provide connections 
for the on-chip clock circuit. 


A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected 
to these pins to provide a system clock 


with various stability/cost 
tradeoffs. Refer to INTERNAL OS- 


CILLATOR OPTIONS for recommendations 
about these inputs. 


• 
TIMER 
This pin allows an external input to be used to count for the 
internal timer circuitry. 
Refer to TIMER I and TIMER 2 for 


additional information 
about the timer circuitry. When this pin 


isn't used, it must be grounded. 


• 
RES 
This pin allows resetting of the MCV at times other than the 


automatic 
resetting capability already in the MCU. Refer to 
RESETS for additional information. 


• 
NUM 
This pin is not for user application and should be connected 


to VSS. 


• 
I/O Lines (Ao - A,. 80 
- 
8,• Co - C.) 


There 23 lines are arranged into three ports (A, B and C). All 


lines are programmable 
as either inputs or outputs under soft- 


ware control 
of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 


• 
Input Lines (Do - 
Os) 


These 
are TTL compatible 
input 
lines, in location 
S003. 


These also allow analog inputs to be used for an A/D converter 
and interrupt. 
Refer to INPUT and A/D converter for addition- 


• 
Vcc Standby 
Vcc 
Standby provides power to the standby portion of the 


RAM and the STBY PWR and RAME bits of the RAM Control 
Register. Voltage requirements 
depend 
on whether 
the MCU 


is in a powerup or powerdown state. In the powerup state, the 
power supply should provide Vcc and must reach VSB before 
RES 
reaches 4.0V. 
During powerdown, 
Vcc 
standby 
must 


remain above VSBB (min) to sustain the standby 
RAM and 
STBY PWR bit. While in powerdown 
operation, 
the standby 
current will not exceed ISBB. 


It is typical to power both Vcc and Vcc Standby from the 


same source during normal operation. 
A diode must be used 


between 
them 
to prevent 
supplying 
power 
to Vcc during 
powerdown operation shown Figure 2. 


To sustain the standby RAM during powerdown, the follow- 


ing software or hardware are needed. 
(I) 
Software 
When clearing the RAM Enable bit (RAME) which is bit 6 
of the 
RAM Control 
Register at location 
SOOIF, the RAM 


is disabled. 


VCC Standby must remain above VSBB(min). 


(2) Hardware 
When RAME pin is "Low" 
before powerdown, the RAM is 


disabled. VCC Standby must remain above VSBB(min). 


Vcc Standbyi 
Power 
Une 


• 
RAME 
This pin is used for the external control of the RAM. When 
it is "Low" 
before powerdown, 
the RAM is disabled. If Vcc 


Standby 
remains 
above 
VSBB (min), 
the 
standby 
RAM is 
sustained. 
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• 
AVec 
This pin is used for the power supply of the AID converter. 
When high accuracy is required, a different power source from 
Vcc should be impressed. 
Connect 
to VCC for all other cases. 
AVss corresponds 
to 


AVec as a GND terminal. 


Compare 
Register 
is matched 
with the Timer Data Register 


2. In this case, Port C. 
should be configured as an output. 


Refer to TIMER 2 for more details. 


• 
AN. - AN, 
These pins allow analog inputs to be used for an AID con· 
verter. These inputs 
are switched by the internal multiplexer 


and selected by bit 0 and I of the AID Control Status Register 
(ADCSR: $OOE). 


• MEMORY 
The MCV memory is configured as shown in Figure 3. During 


the interrupt processing, the contents of the CPU registers are 
pushed onto the stack in the order shown in Figure 4. Since 
the stack pointer decrements during pushes. the low order byte 
(Pel) 
of the program counter is stacked first; then the high 


order three bits (PCH) are stacked. This ensures that the pro· 
gram counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only the program counter (PCH. PCl) 
contents 
to be pushed 


onto the stack. 


• 
VRH and AVss 
The input terminal reference voltage for the AID converter is 


"High" (VRH) or "Low" (AVss). AVss is fIXedat OV. 


• 
Input Capture (ICI 
This pin is used for input of Timer 2 control, in this case, 


Port 
C. 
should be configured 
as input. 
Refer to TIMER 2 


for more details. 
Caution: - Self Test ROM Address Area 


Self test ROM locations can not be used for a user program. 


If the user's program is in this location, it will be removed when 
manufacturing mask for production. 
• 
Output Compare lOCI 
This pin is used for output 
of Timer 2 when the Output 
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1 
1 
11 
Condltton 


Code 
Register 


Accumulator 


Index 
Register 


1 
1 
1 
1 '1 
pcw 


PC L' 


• 
REGISTERS 
The 
CPU 
has 
five 
registers 
available 
to 
the 
programmer, 
as shown 
in Figure 
5 and explained 
below. 


0 


A 
I Accumulator 


0 


X 
I 
Index 
Register 


11 
0 


I 
PC 
I 
Program 
Counter 


" 
6 
5 
0 
~ 


SP 
I 
Stack 
POinter 


Negative 


Interrupt 
Mask 


• 
Accumulator 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of 
arithmetic 
calculations 
or 
data 


manipulations. 


• 
Index 
Regi,ter 
(X) 


The 
index 
register 
is an 8-bit 
register 
used 
for the indexed 


addressing 
mode 
ond 
contains 
an 
8-bit 
address 
that 
may 
be 


added 
to 
an 
offset 
value 
to 
create 
an effective 
address. 
The 


Index 
reglSler 
can 
also be used 
for limited 
calculations 
or data 


manipulatIOns 
when 
usmg read/modify/write 
instructions. 
When 


not 
required 
by 
a code 
sequence 
bemg 
executed, 
the 
index 
register 
can be used as a temporary 
storage 
area. 


• 
Program 
Counter 
(PC) 


The 
program 
counter 
IS a 12-bn 
reglSler 
that 
contams 
the 


Jddress 
of the next 
mstruction 
to be executed. 


• 
Stack 
Pointer 
(SP) 
The stack 
pointer 
is a 12-bit register 
that contains 
the address 


of the 
next 
free location 
on the stack. 
Initially, 
the stack 
point- 


er is set 
to 
location 
$07F 
and 
is decremented 
as data 
is being 


pushed 
onto 
the 
stack 
and 
incremented 
while 
data 
is being 


pulled 
from 
the stack. 
The 
six most 
significant 
bits of the sta,k 


pointer 
are 
permanently 
set 
to 00000 
I. During 
an MeU 
reset 


or 
reset 
stack 
pointer 
(RSP) 
instruction. 
the 
stack 
pointer 
is 
set to location 
S07F. 
Subroutines 
and interrupts 
may be nested 


down 
to location 
$041 
which 
allows 
the 
programmer 
to use up 


to 31 levels of subroutine 
calls. 


• 
Condition 
Code 
Regi'ter 
(CC) 
The 
condition 
code 
register 
is a S-bit 
register 
in whiCh each 


bit is used 
to indicate 
or flag the 
results 
of the 
instruction 
just 


executed. 
These 
bits 
can 
be individually 
tested 
by 
a program 


and 
specific 
action 
taken 
as a result 
of 
their 
state. 
Each 
indi- 


vidual 
condition 
code 
register 
bit is explained 
below. 


Half Carry 
(H) 
The 
half carry 
bit 
is used during 
arithmetic 
operations 
(ADD 
or ADC) to indicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 
This 
bit 
is set 
to 
mask 
everything. 
If an 
interrupt 
occurs 


while 
this bit is set. it is latched 
and WIll be processed 
as soon as 


the interrupt 
bit is reset. 


Negative 
IN) 
The 
negative 
bit is used 
to indicate 
that 
the result 
of the last 


arithmetic. 
logical 
or data 
manipulation 
was negative 
(bit 
7 in 
a result 
equal 
to a logical one). 


Zero (Z) 
Zero 
is used 
to indicate 
that 
the result 
of the I.st arithmetic, 


logical or data manipulation 
was zero. 


Carry/Borrow 
(C) 


Carry/borro~ 
is used 
to indicate 
that 
a carry 
or burruw 
uut 


of 
the 
arithmetic 
logic 
unit 
(ALU) 
occurred 
dUring 
the 
last 


arithmetic 
operation. 
This bit is also affected 
during 
bit test and 


branch 
instructions, 
shifts 
and rutates. 


• 
TIMER 
1 
The 
MCU 
timer 
circuitry 
is shown 
in Figure 
6. The 
B-bit 
counter, 
Timer 
Data 
Register 
I (TOR I), 
is loaded 
under 
pro· 


gram 
control 
and 
counts 
down 
toward 
zero as soon 
as the clock 


input 
is applied. 
When 
the TDRI 
reaches 
zero, 
the 
timer 
inter· 
rupt 
request 
bit (bit 
7) in the Timer 
Control 
Register 
I (TCRI) 
is set. The CPU 
responds 
to this interrupt 
by saving the present 


CPU 
state 
in the 
stack, 
fetching 
the 
timer 
I interrupt 
vector 


from 
locations 
$FFB 
and 
$FF9 
and 
executing 
the 
interrupt 


routine. 
The 
timer 
I interrupt 
can 
be 
masked 
by 
selling 
the 


timer 
interrupt 
mask 
bit 
(bit 
6) in the 
TCRI. 
The 
interrupt 


bit (I bit) 
in the Condition 
Code 
Register 
also prevents 
a timer 
1 
interrupt 
from 
being 
processed. 
The 
clock 
input 
to 
the 
timer 
I 
can 
be 
from 
an external 
source 
applied 
to the TIMER 
input 
pin or it can be the internal 


'1>2 
signal. 
When 
'1>2 
is used 
as the source, 
it can be gated 
by an 
input 
applied 
to 
the 
TIMER 
input 
pin 
allowing 
the 
user 
to 


easily 
perform 
pulse-width 
measurements. 
When 
the 
TIMER 


input 
pin 
doesn't 
control 
the 
'1>2 
signal, 
connect 
the 
TIMER 


input 
pin 
to 
VCc. The 
timer 
1 continues 
to count 
past 
zero, 


falling 
through 
to 
SFF 
from 
zero 
and 
then 
continuing 
the 
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count. Thus, the counter 
(TDRI) 
can be read at any time by 
reading the TDRI. 
This allows a program to determine the leng- 


th of time since a timer interrupt 
has occurred and not disturb 


the coun ting process. 
At power-up or reset, the prescaler and the counter (TDRI) 


are initialized with all logical ones; the timer I interrupt request 


bit (bit 7) is cleared and the timer I interrupt 
mask bit (bit 6) 


is set. In order to release the timer 1 interrupt, 
bit 7 of the 


TCRI must be cleared by software. 
(NOTE) 
If the MCU Timer I and Timer 2 are lIot used, the 
TIMER input pin must be grounded. 


• 
Timer Control Register 1 (TCR1: $009) 
The Timer Control Register 1 (TCRI) can control selection 


of clock input 
source and prescaler dividing ratio and timer 


interrupt. 


As shown in Table I, the selection of the clock input source 


is ISO and ISI in the TCRI 
(bit 4 and bit 5) and 3 kinds of 


input are selectable. At reset, internal clock "'2 controlled by 
the TIMER input (bit 4=1, bit5=0) is selected. 


The prescaler dividing ratio is selected by MSO, MSI, and 
MS2 in the TCRI (bit 0, bit I, bit 2) as shown in Table 2. The 
diViding ratio is selectable 
from eight ways (-;-1,-;-2, -;-4, -;-8, 


-;-16, -;-32, 764, -;-128). At reset, -;-1mode is selected. The pre- 
scaler is initialized by writing in the TDRI. 


Timer 1 interrupt 
mask bit (TIM) allows the Timer 1 into 


interrupt 
at "0" and masks at "I ". Timer 1 interrupt 
causes 


Timer 
1 interrupt 
request 
bit (TIF) 
to be set. TIF must be 


cleared by software. 


TCRl 
Clock Input Source 


Bit 5 
Bit 4 


0 
0 
Internal Clock "" • 


0 
1 
"'2 Controlled by TIMER Input 


1 
0 
1 
1 
Event Input From TIMER 


TCR1 
Prescaler Dividing Ratio 
Bit 2 
Bit 1 
Bit 0 
0 
0 
0 
-;-1 


0 
0 
1 
-;-2 


0 
1 
0 
-;-4 


0 
1 
1 
-;-B 


1 
0 
0 
-;-16 


1 
0 
1 
-;-32 


1 
1 
0 
-;-64 


1 
1 
1 
-;-128 
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• 
TIMER 
2 
The 
HD6805WI 
includes 
an 
8-bit 
programmable 
timer 


(Timer 2) which can not only measure the input waveform but 
also generate the output 
waveform. The pulse width for both 


input and output 
waveform can be varied from several micro- 


seconds to several seconds. 
(NOTE) 
If the MCV Timer I and Timer 2 are not used, the 
TIMER input pin must be grounded. 
Timer 2 hardware consists of the followings. 


an 8-bit control register 2 
an 8-bit status register 2 
an 8-bit timer data register 2 
an 8-bit output compare register 
an 8-bit input capture register 
a 5-bit prescaler control register 2 
a 7-bit pre scaler 2 


A block diagram of the timer 2 is shown in Figure 7. 


Input Capture Register (ICR: $OlE) 


8 
Read 


• 
Timer 
Data Register 
2 (TOR2: 
$01C) 


The main part of the Timer 2 is the 8-bit Timer Data Register 


2 (TDR2) as free-running counter, which is driven by internal 
clock 
</>2 or the TIMER input and increments 
the value. The 


values in the coun ter is always readable by software. 


The Timer 
Data Register 2 is Read/Write 
register and is 


cleared at reset. 


• 
Output 
Compare 
Register 
(OCR: 
$010) 


The Output 
Compare 
Register 
(OCR) is an 8-bit Read/ 


Write register used to control an output waveform. The contents 
of this register are always compared with those of the TDR2. 
When these two contents conform to each other, the flag (OCF) 
in the Timer Status Register 2 (TCR 2) is set and the value of 
the output level bit (OLVL) in the TCR2 is transferred to Port 
C. (OC). 


If Port C.'s Data Direction Register (DDR) is "I" (output), 


this value will appear at Port C. (OC). Then the values of OCF 
and OLVL can be changed for the next compare. The OCR is 
set to $FF at reset. 


• 
Input 
Capture 
Register 
(ICR: 
$01E) 
The Input Capture Register (ICR) is an 8-bit Read-only regis- 
ter used to store the value of the TDR2 when Port C, (IC) 
input transition occurs as defined by the input edge bit (IEDG) 
of the TCR2. 


In order to apply Port C, 
(IC) input 
to the edge detect 
circuit, the DDR of Port C, should be cleared ("0"). * 


To ensure an input capture under all condition, Port C, (IC) 


input pulse width should be 2 Enable-cycles at least. 
*The edge detect circuit always senses Port C, (IC) even if the 


DDR is set with Port C, output. 
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• 
Timer 
Control 
Register 
2 (TCR2: 
$01 B) 


The 
Timer 
Control 
Register 
2 (TCR2) 
consists 
of 
an 
S-bit 
register 
of which 
all bits can be read and written. 


Bit 0 OLVL 
Output 
Level 


This 
bit will appear 
at Port 
C. 
when 
the value 
in the TDR2 


equals 
the value 
in the 
OCR, 
if the 
DDR 
of Port 
C. 
is set. It is 
cleared 
by reset. 


Bit 1 IEDG 
Input 
Edge 
This 
bit 
determines 
which 
level 
transition 
of Port 
Cs 
(IC) 
input 
will 
trigger 
a data 
store 
to ICR from 
the TDR2. 
When 
this 
function 
is used, 
it is necessary 
to clear 
DDR of Port 
Cs. When 
IEDG = 0, the negative 
edge 
triggers 
("High" 
to "Low" 
transi- 
Hig 


tion). 
When 
IEDG 
= 
I, the 
positive 
edge 
triggers 
("Low" 
to 


"High" 
transition). 
It is cleared 
by reset. 


Bit 2 TOIM 
Timer 
Overflow 
Interrupt 
Mask 


When 
this 
bit 
is cleared. 
internal 
interrupt 
(TO!) 
is enabled 


by TOF 
interrupt 
but when 
set, interrupt 
is inhibited. 
L 
ow 
Bit 3 OCIM Output 
Compare 
Interrupt 
Mask 


When 
this 
bit 
is cleared, 
internal 
interrupt 
(OCI) 
by OCF 
interrupt 
occurs. 
When 
set, interrupt 
is inhibited. 


Bit 4 ICIM Input 
Capture 
Interrupt 
Mask 


When 
this 
bit 
is cleared, 
internal 
interrupt 
(lCI) 
by 
ICF 


interrupt 
occurs. 
When set, interrupt 
is inhibited. 


• 
Timer 
Status 
Register 
2 (TSR2: 
$01A) 


The 
Timer 
Status 
Register 
2 (TSR2) 
is an 
8-bit 
read-only 
register 
which 
indicates 
that; 
(I) 
A proper 
level 
transition 
has 
been 
detected 
on 
the 
input 


pin 
with 
a subsequent 
transfer 
of 
the 
TDR2 
value 
to the 
ICR (ICF). 
(2) 
A match 
has been 
found 
between 
the 
TDR2 
and 
the 
OCR 


(OCF). 
(3) 
The TDR2 
is zero (TO F). 


Each 
of the event 
can 
generate 
3 kinds 
of internal 
interrupt 
request 
and 
is controlled 
by 
an individual 
inhibit 
bits 
in the 
TCR2. 
If the 
I bit 
in the 
Condition 
Code 
Register 
is cleared. 
priority 
vectors 
are 
generated 
in 
response 
to 
clearing 
each 
interrupt 
mask 
bit. Each 
bit is described 
below. 


Timer 
Status 
Register 
2 (TSR2: 
$OlA) 


6543210 


Bit 5 TOF Timer 
Overflow 
Flag 


This 
read·only 
bit 
is 
set 
when 
the 
TDR2 
contains 
$00. 
It is cleared 
by 
reading 
the 
TSR2 
followed 
by 
reading 
of the 
TDR2. 


Bit 6 OCF Output 
Compare 
Flag 
This 
read-only 
bit is set when 
a match 
is found 
between 
the 


OCR 
and 
the 
TDR2. 
It is cleared 
by reading 
the TSR2 
and then 
writing 
to the OCR. 


Bit 7 ICF Input 
Capture 
Flag 
This 
read-only 
bit 
is set to indicate 
a proper 
level transition 
and cleared 
by reading 
the TSR2 
and then 
reading 
the TCR2. 


ICAUTIONI 
The 
flag of the TSR2 
will be occasionally 
cleared 
when 
mani- 
pulating 
or testing 
the TSR2 
by Read/Modify/Write 
instruction 


shown 
in Table 
3. Don't. 
use these 
instructions 
for read/write/ 


test operation 
of the TSR2 
flags. 


Bit Manipulation 
Read/Modify/Write 


Test 
& Branch 
Set/Clear 
DJR 


h-> 
0 
1, 
3 


0 
BRSET 
0 
BSET 0 
NEG 


1 
BRCLR 
0 
BCLR 
0 
- 


2 
BRSET 
1 
BSET 
1 
- 


3 
BRCLR 
1 
BCLR 
1 
COM 


4 
BRSET 2 
BSET 2 
LSR 


5 
BRCLR 
2 
BCLR 2 
- 


6 
BRSET 
3 
BSET 3 
ROR 


7 
BRCLR 
3 
BCLR 
3 
ASR 


8 
BRSET 
4 
BSET 4 
LSLlASL 


9 
BRCLR 
4 
BCLR 
4 
ROL 


A 
BRSET 
5 
BSET 5 
DEC 


B 
BRCLR 
5 
BCLR 
5 
- 


C 
BRSET 6 
BSET 6 
INC 


D 
BRCLR 
6 
BCLR 6 
TST 


E 
BRSET 
7 
BSET 7 
- 


F 
BRCLR 
7 
BCLR 
7 
CLR 


3/10 
2/7 
2/6 


(Note] 
1 Undefined opcodes are marked with "-" 
2. The number at the bottom of each column denote the number 


of bytes 
and cycles 
required. 


User can write 
into 
port 
C. 
by software. 


Accordingly, 
after 
port 
C. 
has 
output 
by hardware 
and 
is 


immediately 
write 
into 
by software, 
simultaneous 
cyclic 
pulse 


control 
with a short 
width 
is easy . 


• 
Presealer 
Control 
Register 
2 (PCR2: 
$019) 


The 
selection 
of 
clock 
input 
source 
and 
prescaler 
dividing 


ratio 
are performed 
by the Prescaler 
Control 
Register 
2 (PCR2). 


The 
selection 
of 
clock 
input 
source 
is performed 
in three 


different 
ways 
by 
bit 
4 and 
bit 
S of 
the 
PCR2. 
as shown 
in 


Table 
3. At 
reset. 
internal 
clock 
1/>, controlled 
by the TIMER 
input 
(bit 4 = I. bit S = 0) is selected. 


The 
prescaler 
dividing 
ratio 
is selected 
by 
three 
bits in the 


PCR2 
(bits 
O. I. 2). 
as shown 
in Table 
4. 
The 
dividing 
ratio 
can be selected 
in 8ways(71.72.74.78.~16.·d2.';'()4.7128). 


At reset. 71 (bit 0 = bit 
1 = bit 2 = 0) is selected. 


When writing 
into 
the PCR2, 
or when 
writing 
into 
the TDR2, 
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PCR2 


Bit 5 
Bit 4 
Clock 
Input 
Source 


0 
0 
Internal 
Clock 
tP2 • 


0 
1 
tP2 Controlled 
by TIMER 
Input 


1 
0 
- 


1 
1 
Event 
Input 
from 
TIMER 


PCR2 
Prescaler 
Dividing 
Ratio 


Bit 2 
Bit 1 
Bit 0 


0 
0 
0 
';'1 


0 
0 
1 
.;.2 


0 
1 
0 
';'4 


0 
1 
1 
.;.8 


1 
0 
0 
.;. 16 


1 
0 
1 
.;. 32 


1 
1 
0 
.;. 64 


1 
1 
1 
.;. 128 


• 
SELF 
CHECK 
The 
MCV 
self 
check 
easily 
determines 
whether 
the 
LSI 


functions 
normally 
or 
not. 
When 
the 
MCV 
is connected 
as 
shown 
in Fig. 8, the outputs 
of port 
C3 (LED) 
flicker 
in normal 
operation. 
ROM, 
RAM, 
TIMER 
I, INTI, 
Interrupt, 
I/O of Port 


A, Band 
C are checked 
by this capability 
. 


• 
RESETS 
The 
MCV can 
be 
reset 
three 
ways; 
by 
initial 
power-up, 
by 
the external 
reset 
input 
(RES) 
and 
by an optional 
internal 
low 
voltage 
detect 
circuit, 
see 
Figure 
9, 
All the 
I/O 
ports 
are 
in- 


itialized 
to input 
mode 
(DDRs 
are cleared) 
during 
reset. 


During 
power-up, 
a minimum 
100 
milliseconds 
is needed 
before 
allowing 
the 
RES 
input 
to go "High". 
This 
time 
allows 
the internal 
crystal 
oscillator 
to stabilize. 
Connecting 
a capacitor 
to 
the 
RES 
input, 
as shown 
in 
Figure 
la, 
typically 
provides 
sufficient 
delay. 


3 
INT 
A, 
40 


A. 
39 


2 
RES 
A, 
38 
7fT 2.2"F 
A. 
37 


6 
XTAL 
A, 
36 


0 


A, 
35 


EXTAL 
A, 
34 


22PF1fi- 
Ao 
33 


+9V 
8 
TIMER 
HD6805Wl 
(Crystal option) 
8_ 
32 


7 
NUM 
80 
31 


Vcc 
B, 
30 


B. 
29 
330 !! 
9 
C" 
B, 
28 


330 !! 
10 
C, 
B, 
27 
330 !! 
11 
C, 
B, 
26 


330 l! 
12 C, 
BoO 25 


Vcc 
= P,n 4 
C. 
C, 
C. 
VCC 
Standby 
21 
VCC 


VSS 
= Ptn 
1 
13 14 
15 


330n 


330n 


330n 


2 


RES 
22 ••F 
7Ji~ 


Part of 
HD6805Wl 
MCU 


Figure 
9 
Power 
Up and 
Reset Timing 
Figure 
10 
Power 
Up Reset 
Delay 
Circuit 
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• 
INTERNAL 
OSCILLATOR 
OPTIONS 


The internal oscillator circuit is designed to require a mini- 
mum of external components. 
A crystal (AT cut, 4 MHz max), 


a resistor, a jumper wire or an external signal may be used to 
generate a system clock with various stability/cost 
tradeoffs. 


A manufacturing 
mask option is required to select either the 


crystal oscillator 
or the RC oscillator 
circuit. 
Four different 


connection 
methods 
are shown in Figure II. Crystal specifi- 


cations 
are given in Figure 12. A resistor selection graph is 


shown in Figure 13. EXTAL may be driven with a duty cycle 
of 50% with XTAL connected to ground. 


6 
XTAL 
6 
XTAL 


4 MHz c:::J 
HD6805Wl 
HD6805Wl 


mox 
5 
EXTAL 
MCU 
5 
EXTAL 
MCU 


22PF'20%~ 


External 
Clock 


Input 


ApproximatelV 
25% Accuracy 
teve = 1.25 1" tvP· 
External 
Jumper 


XTAL~~EXTAL 


6.~,~ 
5 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co = 7 pF max. 
1= 4 MHz IC, =22pF,20%1 
AS = 60n 
max. 
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• 
INTERRUPTS 
The MCU can be interrupted 
in seven different ways: through 


external 
interrupt 
input pin (INTi 
and TIiIT2), internal timer 


interrupt 
request (rimer 
I, ICI, OCI and OF!) and a software 
interrupt 
instruction 
(SWl). TIiIT2 and Timer I are generated by 


the 
same vector 
address. When interrupt 
occurs, processing 


of the program is suspended, the present CPU state is pushed 
onto the stack in the order shown in Figure 4. The interrupt 
mask bit (I) of the Condition Code Register is set and the ex- 
ternal routine 
priority address is achieved from the special ex- 


ternal 
vector 
address. 
After 
that, 
the 
external 
interrupt 


routine is executed. Stacking the CPU registers, setting the I bit, 
and vector fetching 
requires 
II 
cycles. The interrupt 
service 


routines 
normally 
end with 
a return 
from 
interrupt 
(RT!) 


instruction 
which allows the CPU to resume processing of the 


program 
prior 
to the 
interrupt. 
The priority 
interrupts 
are 


shown in Table 6 with the vector address that contains the start- 
ing address of the appropriate 
interrupt 
routine. The interrupt 


sequence is shown as a flowchart in Figure 14. 


1 •..• 1 


7F ...•SP 
a -+DOR's 
CLR INT Logic 
7F ...•MR 
FF ...•TDR1 
00 ...•TDR2 


7 F -+ Prescaler 1 


7 F -+ Prescaler 2 
50 ...•TCR1 
1C ...•TCR2 


00 ...•TSR2 
10 ...•PCR2 


Interrupt 
Priority 
Vector Address 


RES 
1 
$FFE. $FFF 


SWI 
2 
$FFC. $FFD 


INT, 
3 
$FFA.$FFB 


TIMER,/INT2 
4 
$FF8.$FF9 


ICI 
5 
$FF6.$FF7 


OCI 
6 
$FF4.$FF5 


OFI 
7 
$FF2.$FF3 


Load PC From 


SWI: $FFC. $FFD 
INT,; 
$FFA. 
$FFB 


TIMER,; 
$FFB. $FF9 


INT, ; $FFB. $FF9 


ICI; $FF6. $FF7 


OCI; $FF4. $FF5 


OFI; $FF2. $FFJ 
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• 
Miscellaneous 
Register 
(MR: $OOA) 
The 
vector 
address 
generated 
by 
the 
external 
interrupt 


(rnT1) 
is 
the 
same 
as 
that 
of 
TIMER 
I as shown 
in Table 
6. 


The Miscellaneous 
Register 
(MR) controls 
the 1NT2 interrupt. 


Bit 
7 (lRF) 
of 
the 
MR is used as an lNT2 
interrupt 
request 


flag. rn'f1 
interrupt 
occurs 
at the 1NT, 
negative 
edge, 
and IRF 


is set. mT, 
interrupt 
or 
not 
can 
be 
proved 
by 
checking 
IRF 
by 
software 
in 
the 
interrupt 
routine 
of 
the 
vector 
address 
($FF8, 
$FF9). 
IRF 
should 
be 
reset 
by 
software 
(BCLR' 
in- 


struction). 
Bit 6 (1M) of 
the 
MR is an 00, interrupt 
mask 
bit. 
When 
m is set, 00, 
interrupt 
is disabled. 
INT1 
interrupt 
is also 
disabled 
by 
bit 
(I) 
of 
the 
Condition 
Code 
Register 
(CC) 
like 


other 
interrupts. 


IRF 
is available 
for 
both 
read 
and 
write. 
However, 
IRF 
is 
not 
writable 
by software. 
Therefore, 
rnT2 
interrupt 
cannot 
be 


requested 
by software. 
At reset, 
IRF 
is cleared 
and 1M is set. 


• 
INPUT/OUTPUT 
There 
are 23 input/output 
pins. 
All pins 
(port 
A, B, and C) 
are 
programmable 
as either 
inputs 
or outputs 
under 
software 


control 
of 
the 
corresponding 
Data 
Direction 
Register 
(DDR). 
The 
port 
I/O 
programming 
is 
accomplished 
by 
writing 
the 


corresponding 
bit in the port 
DDR 
to a logic 
"I" 
for outpt 
or 


a logic 
"0" 
for 
input. 
On 
reset, 
all the 
DDRs 
are 
initialized 


to a logic "0" 
state 
to put 
the ports 
in the input 
mode. 
The port 


output 
registers 
are not 
initialized 
on reset 
but 
may 
be written 


to 
before 
setting 
the 
DDR 
bits 
to 
avoid 
undefined 
levels. 


When 
programmed 
as 
outputs, 
the 
latched 
output 
data 
is 


readable 
as 
input 
data, 
regardless 
of 
the 
logic 
levels 
at 
the 


output 
pin 
due to output 
loading; 
see Figure 
15. When 
port 
B 


is programmed 
for outputs, 
it is capable 
of sinking 
10 mA and 


sourcing 
I mA on each 
pin. 
All 
input/output 
lines 
are 
TTL 
compatible 
as both 
inputs 


and 
outputs. 
Ports 
Band 
C are 
CMOS 
compatible 
as inputs. 


Port 
A is CMOS compatible 
as outputs. 
Figure 
16 provides 
some 


examples 
of port 
connections. 
Port 
C5 and C. 
are also used 
for Timer 
2. 


When 
Port 
C5 is used 
as Timer 
2 Inpu t Capture 
(IC), 
Port 


C5'S DDR 
should 
be cleared 
(port 
Cs as input) 
and bit 4 (ICIM) 


in the 
Timer 
Control 
Register 
2 (TCR2) 
should 
be cleared 
too. 


The 
Input 
Capture 
Register 
(lCR) 
stores 
the 
TDR2 
when 
a 


Port 
Cs 
input 
transition 
occurs 
as defined 
by bit 
I (IDEG) 
of 


the TCR2. 


When 
Port 
C. 
is used 
as Timer 
2 Output 
Compare 
(OC), 


Port 
C.'s 
DDR 
should 
be set 
(port 
C. 
as output). 
When 
the 


Output 
Compare 
Register 
(OCR) 
matches 
the 
TDR2, 
bit 
0 


(OLVL) 
in the 
TCR2 
is set and 
OLVL 
will appear 
at Port 
C•. 


Port 
C. 
is writable 
by software. 
But 
the writing 
by software 
is 


unavailable 
when 
a match 
between 
the 
TDR2 
and 
the OCR 
is 


found 
at the same time. 


• 
INPUT 
Port 
D is usable 
as either 
TTL 
compatible 
inputs 
or 
a 4- 


channel 
input 
for 
an A/D 
converter. 
Figure 
17 shows 
port 
D 


logic configuration 
. 


The 
Port 
D register 
at location 
$003 
stores 
TTL 
compatible 


inputs. 
When 
using 
as analog 
inputs 
for an A/D converter, 
refer 


to 
A/D 
CONVERTER. 
Do 
can 
be used 
as the JiiIf; interrupt 


input 
pin. 


Data 
Direction 
Register 
Bit 


o 
t 
3·State 
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• 
AID 
CONVERTER 


The HD6805WI 
has an internal 
8-bit AID converter. 
The 


AID converter, 
shown in Figure 18, includes 4 analog inputs 


(ANo to AN3), the Result Register (ADRR) and the Control 
Status Register (ADCSR). 


• 
Analog Input (ANo to AN3) 
Analog inputs ANo to AN3 accept analog voltages of OV 


to 5V. The resolution is 8-bit (256 divisions) with a conver- 
sion time of 76 I.lS at I MHz. Analog conversion starts selecting 
analog inputs by bit 0 and bit 1 of the ADCSR analog input. 
Since the CPU is not required 
during conversion, other user 
programs can be executed . 
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CAUTION 
The MCU has circuitry to protect the inputs against damage 
due to high static voltages or electric field; however, the design 
of the input circuitry for the A/D converter, ANo - AN3, VRH 
and AVec, 
does not offer the same level of protection. 
Pre- 


cautions should be taken to avoid applications 
of any voltage 
higher than maximum-rated 
voltage or handled in any environ- 


ment producing high-static voltages. 


ADCSR 
Bit 1 
Bit 0 
Analog Input Signal 


0 
0 
ANo 
0 
1 
AN, 


1 
0 
AN, 


1 
1 
AN3 


• 
AID Control Status Register (ADCSR: $OOE) 
The Control Status Register (ADCSR) is used to select an 


analog input pin and confirm A/D conversion termination. 
An 


analog input pin is selected by bit 0 and bit I as shown in Table 
7. 


A/D conversion begins when the data is written 
into bit 0 


and bit 
I of the ADCSR. When A/D conversion ends, bit 7 


(CEND) is set. Bit 7 is reset after 
the ADRR is read. Even 


if bit 7 is set, A/D conversion execution 
still continues. To end 


the A/D conversion, 
the A/D Result Register (ADRR) stores 
the most current value. During A/D conversion execution, new 
data is written into the ADCSR selecting the input channel and 
the A/D conversion execu tion at that time is suspended. CEND 
is reset and new A/D conversion begins. 


• 
AID Result Register (ADRR: $OOF) 
When the A/D conversion ends, the result is set in the A/D 


Result 
Register ($OOF). When CEND of the ADCSR is set, 


converted 
result is obtained 
by reading the ADRR. Further- 
more, CEND is cleared. 


• 
STANDBY RAM 
The portion 
from $020 to $027 of the RAM can be used 


for the standby RAM. 
When using the standby RAM, VCC Standby should remain 


above VSBB (min) during powerdown. Consequently, 
power is 


provided only to the standby RAM and STBY PWR bit of the 
RAM Control 
Register. 8 byte RAM is sustained with small 


power 
dissipation. 
The RAM including the standby 
RAM is 
controlled by the RAM Control Register (RCR) or RAME pin. 


• 
RAM Control Register (RCR: $OlF) 
This 
register at location 
$OIF gives the status information 


about 
the RAM. When RAM Enable bit (RAME) is "0", 
the 


RAM is disabled. When VCC Standby 
is greater than VSBB, 


Standby Power bit (STBY PWR) is set and the standby RAM is 
sustained during powerdown. 


6543210 


SOIF 
I_S_p~_B_~_1 RAME 
~ 


Bit 6 RAM Enable 
RAME bit is set or cleared by either software or hardware. 


When the 
MCU is reset, RAME bit is set and the RAM is 


enabled. If RAME bit is cleared, the user can neither read nor 
write the RAM. 


When the RAM is disabled (logic "0"), 
the RAM address is 


invalid. 


Bit 7 Standby Power 
STBY PWR bit is cleared whenever Vcc standby decreases 


below VSBB (min). This bit is a read/write status bit that the 
user can read. When this bit is set, it indicates that the standby 
power is applied and data in the standby RAM is valid. This bit 
is set by software and not affected by reset. 


• 
RAME Signal 
RAME bit in the RCR can be cleared when RAME pin goes 
"Low" by hardware (RAM is disabled). To make standby mode 
by 
hardware, 
set 
RAME pin 
"Low" 
dUring VCC Standby 


remains above VSBB (min) and powerdown sequence should be 
as shown in Fig. 20. 


When RAME pin gets "Low" 
in the powerup state, RAME 


bit of the RCR is cleared and the RAM is disabled. During 
powerdown, 
RAME bit is sustained 
by VCC Standby. 
When 


RAME pin gets "High" in the powerup state, RAME bit of the 
RCR is set and the RAM is enabled. 


RAME pin can be used to control the RAM externally with- 
out software. 
".,""t 


RAM 
Enable 


\ 
Vcc 
OFF 
/ 


eA.".",.r 


• 
BIT MANIPULATION 
The MCU has the ability to set or clear any single RAM or 


input/output 
port (except the data direction registers) with a 


single instruction 
(BSET and BCLR). Any bit in the page zero 


read only 
memory 
can be tested 
by using the BRSET and 
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BRCLR 
instructions, 
and 
the 
program 
branches 
as a result 
of 


its state. 
This capability 
to work 
with 
any bit in RAM, ROM or 


I/O allows 
the 
user to have individual 
flags in RAM or to handle 


single 
I/O bits 
as control 
lines. 
The example 
in Figure 
21 shows 


the 
usefulness 
of 
the 
bit 
manipulation 
and 
test 
instructions. 


Assume 
that 
bit 
0 of port 
A is connected 
to 
a zero 
crossing 


detector 
circuit 
and 
that 
bit 
I of 
port 
A is connected 
to the 


trigger 
of 
a 
TRIAC 
which 
powers 
the 
controlled 
hardware. 
This 
program, 
which 
uses 
only 
seven 
bytes 
of 
ROM 
pro- 


vides 
turn-on 
of the 
TRIAC 
within 
14 microseconds 
of the zero 


crossing. 
The 
timer 
is also 
incorporated 
to 
provide 
turn-on 
at 


some 
later 
time 
which 
permits 
pulse-width 
modulation 
of the 


controlled 
power. 


BRClRO, 
PORTA, 
SELF 
1 


BSET 
1, PORTA 
BClR 
1, PORTA 


• 
ADDRESSING 
MODES 


The 
MCV 
has ten 
addressing 
modes 
available 
for use by the 


programmer. 
These 
modes 
are explained 
and illustrated 
briefly 


in the following 
paragraphs. 


• 
Immediate 
Refer 
to Figure 
22. The immediate 
addressing 
mode 
accesses 


constants 
which 
do not 
change 
during 
program 
execution. 
Such 


instructions 
are 
two 
bytes 
long. 
The 
effective 
address 
(EA) 
is 


the PC and 
the 
operand 
is fetched 
from 
the 
byte 
following 
the 


opcode. 


• 
Direct 
Refer 
to 
Figure 
23. 
In direct 
addressing, 
the address 
of the 


operand 
is 
contained 
in 
the 
secondbyte 
of 
the 
instruction. 
Direct 
addressing 
allows 
the user 
to directly 
address 
the 
lowest 


256 
bytes 
in memory. 
All RAM 
space, 
I/O 
registers 
and 
128 


bytes 
of 
ROM 
are 
located 
in page 
zero 
to 
take 
advantage 
of 


this efficient 
memory 
addressing 
mode. 


• 
Extended 
Refer 
to Figure 
24. Extended 
addressing 
is used 
to reference 


any 
location 
in memory 
space. 
The 
EA is the 
contents 
of the 
two 
bytes 
following 
the 
opcode. 
Extended 
addressing 
instruc- 


tions 
are three 
bytes 
long. 


• 
Relative 
Refer 
to Figure 
25. The relative 
addressing 
mode 
applies 
only 


to 
the 
branch 
instructions. 
In this 
mode 
the 
contents 
of 
the 


byte 
following 
the 
opcode 
is added 
to 
the 
program 
counter 


when 
the 
branch 
is taken. 
EA = (PC) + 2 + ReI. Rei is the 
con- 


tents 
of the location 
following 
the instruction 
opcode 
with 
bit 7 


being 
the 
sign 
bit. 
If the branch 
is not 
taken, 
Rei = 0, when 
a 


branch 
takes 
place, 
the program 
goes 
to somewhere 
within 
the 


range 
of + 129 
bytes 
to 
-127 
bytes 
of the present 
instruction. 


These 
instructions 
are two bytes 
long. 


• 
Indexed 
(No Offset) 
Refer 
to 
Figure 
26. 
This 
mode 
of 
addressing 
accesses 
the 


lowest 
256 
bytes 
of 
memory. 
These 
instructions 
are one byte 


long and their 
EA is the contents 
of the index 
register. 


• 
Indexed 
(8-bit 
Offset) 
Refer 
to Figure 
27. The 
EA is calculated 
by adding 
the con- 


tents 
of 
the 
byte 
following 
the 
opcode 
to the 
contents 
of the 


index 
register. 
In 
this 
mode, 
511 
low 
memory 
locations 
are 


accessable. 
These 
instructions 
occupy 
two bytes. 


• 
Indexed 
(16-bit 
Offset) 
Refer 
to Figure 
28. This 
addressing 
mode 
calculates 
the 
EA 


by 
adding 
the 
contents 
of the 
two 
bytes 
following 
the 
opcode 


to 
the 
index 
register. 
Thus, 
the 
entire 
memory 
space 
may 
be 


accessed. 
Instructions 
which 
use 
this 
addressing 
mode 
are 


three 
bytes 
long. 


• 
Bit SettClear 
Refer 
to 
Figure 
29. 
This 
mode 
of 
addressing 
applies 
to 


instructions 
which 
can 
set 
or 
clear 
any 
bit 
on 
page 
zero. 
The 


lower 
three 
bits 
in 
the 
opcode 
specify 
the 
bit 
to 
be 
set 
or 


cleared 
while 
the 
byte 
following 
the 
opcode 
specifies 
the 


address 
in page zero. 


• 
Bit Test and Branch 
Refer 
to 
Figure 
30. 
This 
mode 
of 
addressing 
applies 
to 


instructions 
which 
can 
test 
any 
bit 
in the 
fITst 256 
locations 


($00 
through 
$FF) 
and 
branch 
to any 
location 
relative 
to the 


PC. 
The 
byte 
to 
be 
tested 
is addressed 
by 
the 
byte 
following 


the 
opcode. 
The 
individual 
bit 
within 
that 
byte 
to 
be 
tested 


is addressed 
by 
the 
lower 
three 
bits 
of 
the 
opcode. 
The 
third 


byte 
is the 
relative 
address 
to be added 
to the program 
counter 


if the 
branch 
condition 
is met. 
These 
instructions 
are 
three 


bytes 
long. 
The 
value 
of 
the 
bit to be tested 
is written 
to the 


carry 
bit in the condition 
code register. 


• 
Implied 
Refer 
to 
Figure 
3 I. 
The 
implied 
mode 
of 
addressing 
has 


no EA. All of the 
information 
necessary 
to execute 
an instruc- 


tion 
is 
contained 
in 
the 
opcode. 
Direct 
operations 
on 
the 


accumulator 
and 
the 
index 
register 
are 
included 
in this 
mode 


of 
addressing. 
In 
addition, 
control 
instructions 
such 
as SWI 


and 
RTl 
belong 
to 
this 
group. 
All 
implied 
addressing 
instruc- 


tions 
are one byte 
long. 
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PROG LOA #$F8 
058E 


05BF 


.... 
.... 
1 
F8 


Index 
eQ 
r= 
I 


Stack Point 


I 
I 
I 
I 
I 
I 
, 


A6 
Prog Count 


F8 
I 


05CO 
I 


CC 
I 
I 


I 
I 
I8 


• 
I§ 


I 
I 
II 


PROG 
LOA 
CAT 
0520 


052E 
1_----' 


Stack Point1==== 


S 
I 
I 
II 
I 


052F 


CC1==== 
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I 
I 
I 


~ 
::F=~=t 


040st===jJ 
. 
. 
I 
• 


i 


I 
II 


~ 
II 


PROGSEQ PROG204A7 
27 
04A8 
18 


~ 
I 
I 


I__ 


Stack Point 
__ 
1==== 


cc1_- 


AI_- 
Index Reg 
I__ 


Stack Point 
====l==== 
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I 


""~ 
§ 


Stack Point 


I 


CC1_- 


Memory 


TABL 
FCB 
"BF 
00B9 
BF 


FCB 
,,66 
OOBA 
B6 
A 


FCB 
:OB 
008B 
DB 
CF 


FCB 
"CF 
008C 
CF 
Index Reg 


03 


Stack 
POlOt 


PROG 
LOA 
TABL. 
X 075B 
E6 


I 
075C 
89 


Prog Count 


0750 


CC 


I 
I 
I 
I 


~ 
I 
I 


Fioure 
27 
Indexed 
(8·Bit 
Offset) 
Addressing 
Example 
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i 
I 
I 
I 


~ 


A 


DB 


Index Reg 


I 
I 
02 


PRDG 
LOA 
TABL..oo"§ 


Stack 
Point 


0693 
07 


0694 
7E 
Prog Count 


0695 


I 
I 
CC 


TABL 
FCB 
:BF 
OnE 
BF 
I 


FCB 
:86 
onF 
86 


FCB 
:DB 
0780 
DB 


FCB 
:CF 
0781 
CF 


A 
1_------" 


I 
I 


05BFa=1-"""8 


Prog Count 


0591 


I 
I 
I 
I 


~ 
I 
I 
I 
I 
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PROG BRCLR 
2. PORT C. PROG 2 
0574 


0575 


0576 


i 
I 
I 


I 
I 


~ 
II 


I 
I 


o~'~ 


I 
I 


~ 


A1==== 
Index 
Reg 
I_- 
Stack Point 
===1==== 


Index Reg 


E5 


058B 


CC1_- 


Figure 31 
Implied Addressing Example 
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I 
I 
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• 
INSTRUCTION 
SET 


The MCU has a set of 59 basic instructions. These instruc- 


tions can be divided into five different types; register/memory, 
read/modify/write, 
branch, bit manipulation 
and control. Each 


instruction 
is breifly explained below. All of the instructions 


within a given type are presented in individual tables. 


• 
RegisterlMemory Instructions 
Most of these instructions 
use two operands. 
One operand 


is either 
the 
accumulator 
or the 
index 
register. The other 


operand is obtained from memory by using one of the address- 
ing modes. 
The jump 
unconditional 
(JMP) and jump to sub- 


routine 
(JSR) instructions 
have no register operand. 
Refer to 


Table 8. 


• 
ReedlModify/Write 
Instructions 


These instructions 
read a memory 
location 
or a register, 


modify or test its contents 
and write the modified value back 


to the memory 
or register. The TST instruction 
for test of 
negative 
or 
zero 
is an exception 
to the 
read/modify/write 


instructions 
since it does not perform the write. Refer to Table 


9. 


• 
Branch Instructions 
The branch 
instructional 
cause a branch 
from a program 


when a certain'condition 
is met. Refer to Table 10. 


• 
Bit Manipulation Instructions 
These instructions are used on any bit in the first 256 bytes 


of the memory. 
One group either sets or clears. The other 


group performs 
the bit test and branch operations. 
Refer to 


Table II. 


• 
Control Instructions 
The control instructions control the MCU operations during 


program execution. Refer to Table 12. 


• 
Alphabetical Listing 
The complete instruction 
set is given in alphabetical 
order 


in Table 13. 


• 
Opcode Map 
Table 14 is an opcode map for the instructions used on the 


MeU. 
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Addressi n9 Modes 


Function 
Mnemonic 
Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 
(No Offset) 
(8-Bit Offset) 
(16-Bit 
Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LDA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load X from Memory 
LDX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store A in Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Store X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
DF 
3 
7 


Add Memory to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add Memory and 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 
Carry to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
80 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 


Subtract 
Memory from 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 
A with 
Borrow 


AND Memory to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR Memory with A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive OR Memory 
EaR 
AB 
2 
2 
B8 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
DB 
3 
6 
with A 


Arithmetic 
Compare A 
CMP 
A1 
2 
2 
B1 
2 
4 
C1 
3 
5 
F1 
1 
4 
E1 
2 
5 
D1 
3 
6 
with Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 
with 
Memory 


Bit Test Memory with 
A 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
D5 
3 
6 
(Logical Compare) 


Jump Unconditional 
JMP 
- 
- 
- 
8C 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DD 
3 
9 


• 
-z:o 
&~ 
W 
01 
Co 
Symbols: 


W 
Op: Operation Abbreviation 
o 
11 
: Instruction Statement 
o 


Addressing Modes 


Function 
Mnemonic 
Implied (A) 
Implied 
(X) 
Direct 
Indexed 
Indexed 
(No Offset) 
(8·8it 
Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
DEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2's Complement) 


Rotate Left Thru Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate Right ThrlJ Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical Shift Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift 
Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift 
Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Negative or 
TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 
Zero 


Symbols: 
Op: Operation Abbreviation 
# 
: I nstruction 
Statement 


Relative Addressing 
Mode 
Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch 
IF Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch 
IF Carry Clear 
BCC 
24 
2 
4 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch I F Carry Set 
BCS 
25 
2 
4 


(Branch 
IFLower) 
(BLO) 
25 
2 
4 


Branch I F Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEG 
27 
2 
4 


Branch IF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch IF Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch 
IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch IF Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch IF Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AO 
2 
8 


Symbols: 
Op: Operation Abbreviation 
#: Instruction Statement 


Table 11 
Bit Manipulation 
Instructions 


Addressing Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch 
IF Bit n is set 
BRSET n (n=O ..... 7) 
- 
- 
- 
20n 
3 
10 


Branch 
IF Bit n is clear 
BRCLR 
n (n=O ..... 7) 
- 
- 
- 
01+20n 
3 
10 


Set Bit n 
BSET n (n=O ..... 7) 
10+20n 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O ..... 7) 
11+20n 
2 
7 
- 
- 
- 


Symbols: 
Op: Operation Abbreviation 
#; Instruction Statement 


Table 12 
Control 
Instructions 


Implied 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return from 
Subroutine 
RTS 
81 
1 
6 


Return from 
Interrupt 
RTI 
80 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No-Operation 
NOP 
90 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ASL 
x 
x 
x 
x 
• • 
/\ 
1\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEQ 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
BLO 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 
BRN 
x 
• • • • • 
BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 
BSR 
x 
• • • • • 


CLC 
x 
• • • • 
0 


Cli 
x 
• 
0 • • • 


CLR 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


EOR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


JMP 
x 
x 
x 
x 
x 
• • • • • 


JSR 
x 
x 
x 
x 
x 
• • • • • 


LOA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition 
Code Symbols: 


H 
Half Carry (From Bit 3) 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bit) 


Z 
Zero 


C 
Carry Borrow 


A 
Test and Set if True, Cleared Otherwise 
Not Affected 
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Addressing Modes 
Condition 
Code 


Imme· 
Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
~tl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


LSR 
x 
x 
x 
x 
• • 
0 
/\ 
/\ 


NEQ 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


NOP 
x 
• • • • • 
ORA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ROL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ROR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


RSP 
x 
• • • • • 
RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
STX 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
/\ 
/\ • 
TXA 
x 
• • • • • 


Condition 
Code Symbols; 


H 
Half Carry (From Bit 3) 
I 
I nterrupt 
Mask 
N 
Negative (Sign Bit) 
Z 
Zero 


C 
CarryIBorrow 


/\ 
Test and Set if True, 
Cleared 
Otherwise 
Not Affected 
Load CC Register From Stack 


Bit Manipulation 
Brnch 
Head/Modify/'Nrite 
Control 
Aegister/Memory 


Test 
& 
Sel/ 
Ael 
DIR 
I 
A 
I 
x 
I 
.X' 
I .XO 
IMP 
IMP 
IMM 
I 
DIR 
I EXT 
I 
)(2 
1 Xl 
I .XO 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
8 
I 
C 
I 
0 
I 
E 
I 
F 
-H 


0 
BRSETQ 
B$ETO 
8AA 
NEQ 
RTI- 
- 
SU8 
0 
, 
BRCLRQ 
8CLAO 
8AN 
- 
RTS· 
- 
CMP 
, 


2 
BASETt 
BSETt 
8HI 
- 
- 
- 
S8C 
2 


3 
BACLRl 
8elAl 
8LS 
COM 
SWI· 
- 
CPX 
3 


4 
8ASET2 
BSET2 
8CC 
LSA 
- 
- 
AND 
4 


5 
BRCLA2 
BClA2 
8CS 
- 
- 
- 
81T 
5 


6 
BASET3 
8SETJ 
8NE 
AOA 
- 
- 
LOA 
6 


7 
OReLA3 
BeLAJ 
8EQ 
ASA 
- 
TAX 
- 
STAI+ll 
7 


8 
BASET4 
B5ET4 
BHCC 
LSL/ASL 
- 
CLC 
EQA 
8 


9 
BRelR4 
BelA4 
SHeS 
AOL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
8PL 
OEC 
- 
CLI 
OAA 
A 


8 
BAClR5 
BClR5 
8MI 
- 
- 
SEI 
ADD 
8 


C 
8ASET6 
8SET6 
8MC 
INC 
- 
ASP 
- 
JMPI-li 
C 
0 
BACLA6 
BClR6 
8MS 
TST 
- 
NOP 
8SA·1 
JSAI+3) 
0 


E 
BRSET7 
85ET7 
81L 
LOX 
E 


F 
ORelA7 
BeLA7 
81H 
CLA 
- 
TXA 
- 
I 
STX!+1) 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 1/' 
I 2/7 
I 1/6 
W 
1/2 
2/2 
I 
2/4 
I 3/5 
I 
3/6 
I 
2/5 
I 
1/4 


(NOTE] 
1. 
Undefin@CIopcodes are marked with "-". 
2. 
The number at the bottom 
of each column denote the number of bytes and the number of cycles required lBytes/Cycles). 


Mnemonics followed by a ...•.. require a different 
number of cycles as follows: 


AT! 
9 


ATS 
6 
SWI 
11 


BSA 
8 


3. 
I 
inciicate that the number in parenthesis must be added to the cycle count for that instruction. 


@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


HD6301 V1 ,HD63A01 V1 , 
HD63B01V1 
CMOS MCU (Microcomputer Unit) 


The HD630IVI 
is an 8-bit CMOS single-chip microcom- 
puter 
unit, Object 
Code compatible 
with the H06801. 
4kB 
ROM, 128 bytes RAM, Serial Communication 
Interface (SCl), 


parallel I/O ports 
and multi function 
timer are incorporated 


in the HD6301 VI. It is bus compatible 
with HMCS6800. Ex- 


ecution 
time 
of key 
instructions 
are improved 
and 
several 
new 
instructions 
are added 
to 
increase 
system 
throughput. 


The HD6301VI 
can be expanded 
up to 65k 
bytes. 
Like the 


HMCS6800 family, I/O level is ITL 
compatible 
with +5.0V 


single 
power supply. As H06301 VI is fabricated by the ad- 
vanced CMOS process technology, power dissipation is extreme- 
ly reduced. In addition to that, HD630 IV I has Sleep Mode and 
Standby 
Mode at lower 
power 
dissipation 
mode. Therefore 


flexible low power consumption application is possible. 


• 
FEATURES 
• 
Object Code Upward Compatible with HD6801 Family 
• 
Abundant 
On-Chip Functions Compatible with HD6801VO; 
4kB ROM,128 Bytes RAM,29 Parallel 1/0 Lines, 2 Lines of 
Data Strobe, 16-bit Timer, Serial Communication 
Interface 


• 
Low Power Consumption 
Mode: Sleep Mode, Standby Mode 
• 
Minimum Instruction Execution Time 


1J.Ls(f=1MHzI, 0.67J.Ls(f=1.5MHzI, 0.5J.Ls(f=2MHz) 


• 
Bit Manipulation, Bit Test Instruction 


• 
Protection from System Upset: Address Trap, On-Code Trap 


• 
Up to 65k Words Address Space 


• 
Wide Operation Range 


Vcc=3 to 6V (f=0.1-<l.5MHzl. 
1=0.1 to 2.0MHz (Vcc=5V±10%) 


• 
TYPE 
OF 


Type No. 


HD6301V1 


HD63A01V1 
HD63B01V1 
• 


..~., 


PRODUCTS 
Bus Timing 


1 MHz 


1.5MHz 


2 MHz 
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• 
PIN ARRANGEMENT 


• 
HD6301V1P. 
HD63A01V1P. 


HD63B01V1P 


• 
HD6301V1F. 
HD63A01V1F. 
HD63B01V1F 


~ f f f 
~ ~ ~ ~ ~ ~ 


~~~ ~;~ L8J ~~J~~J~~.;L~JL~J~~j L~j 


P31 f~ 
[~5 Pu 


PJO J!J 
~! 
Pcs 


Se2 3=8J 
(2) P., 


Se, 3jJ 
[2=2P., 


E ~OJ 
[~1 Vcc 


Vss 1J 
[2~P17 


XTAL ~J 
[(9 
P16 


EXTAl ~J 
[(8 
P1S 


NMI ~J 
[(7 
Pu 


IRQ, ~J 
[1~ 
P,) 


i~i r;,,~r«»~fo.l i~~r=~i~~r~i ;~ir~1 


•• <NC> 
•• <NC> 
" 
<NC> 


•• 
<NC> 


., 
P32 
•• 
Pn 
•• Pl. 


01 
P3S 
•. 
Pn 


OIl 
P31 


w 
<NC> 


• 
<NC> 


•• 
P .•o 
•• P., 
.• P., 


)00 
<NC> 


n <NC> 


P•• 
.P1O 
P" 
r 55 
P" 
P" 
Port 
P" 
P" 
P" 
P" 
4 
P" 
P" 
PI' 
P" 
P" 
P" 
P" 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3 - +7.0 
V 


Input Voltage 
Vin 
-0.3 - 
Vcc+0.3 
V 


Operating Temperature 
Top' 
0- 
+70 
°c 


Storage Temperature 


T ". 
-55 
-+150 
°c 


(NOTE) 
This product has protection 
circuits in input terminal 
from high static electricity 
voltage and high electric field. 


But be careful not to apply overvoltage more than maximum 
ratings to these high input impedance protection 
circuiU. 
To assure the normal operation, 
we recommend 
Vin. Vout 
: VSS :s; (Vin or Vout) 
~ 
Vcc. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vee : 5.0V±10%, Vss: 
OV, Ta: 
O-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condi tion 
min 
typ 
max 
Unit 


RES, STBY 
Vcc-0.5 
- 
Vcc 


Input "High" 
Voltage 
EXTAL 
V,H 
VccxO.7 
- 
+0.3 
V 


Other Inputs 
2.0 
- 


Input "Low" 
Voltage 
All Inputs 
V,L 
-0.3 
- 
0.8 
V 


Input Leakage Current 
NMI, fRO., RES, STBY 
lI;n I 
Vin :0.5-Vcc-O.5V 
- 
- 
1.0 
j.lA 


Three State (off-state) 
P,o-P17, 
P'O-P'4, 
IITs11 
Vi" =0.5-Vcc-0.5V 
- 
- 
1.0 
j.lA 


Leakage Current 
PJQ-P37, P40-P47, iS3 


10H : -200j.lA 
2.4 
- 
- 
V 
Output 
"High" 
Voltage 
All Outputs 
VOH 
IOH - -10j.lA 
Vcc-O.7 
- 
V 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
IOL: 
1.6mA 
- 
- 
0.55 
V 


Input Capacitance 
All Inputs 
Gin 


V;n:OV. 
f: 
1.0MHz, 
- 
- 
12.5 
pF 
Ta: 
25°C 


Standby Current 
Non Operation 
Ir-c 
- 
2.0 
15.0 
)J.A 


Current Dissipation" 


:;lperating(f:l 
MHz"") 
- 
6.0 
10.0 


Icc 
Sleeping (f:1MHz"") 
2.0 
mA 
- 
1.0 


RAM Stand-By Voltage 
VRAM 
2.0 
- 
- 
V 


• VI'" min:K vcc-1.OV. 
VIL 
m8X = O.8V 


•• 
Current 
Dissipation of the operating or sleeping condition 
is proportional 
to the operating frequency. 
$0 the typo or max. 


values about Current 
Dissipations at f "" x MHz operation 
are decided according to the following 
formula; 


typ.lI8lue 
If· 
x MHz) • typo I18lue 
If' 
1MHzl x x 


max. value 
(1 ~ x MHz) 
~ max. value If '" 1MHz) 
x x 


(both the sleeping and operating) 
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Test 
HD6301Vl 
HD63A01Vl 
HD63B01Vl 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 - 
10 
0.666 - 
10 
0.5 
- 
10 
J.l.S 


Address Strobe Pulse Width 
PWASH 
220 - 
- 
150 - 
- 
110 - 
- 
ns 
"High" 
• 


Address Strobe 
Rise Time 
tAsr 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Address Strobe Fall Ti me 
tASI 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Address Strobe Delay Time • 
tASD 
60 - 
- 
40 - 
- 
20 - 
- 
ns 


Enable Rise Time 
tE, 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Enable Fall Time 
tEl 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Enable Pulse Width 
"High" 
Level· 
PWEH 
450 
- 
- 
300 
- 
- 
220 - 
- 
ns 


Enable Pulse Width 
"Low" 
Level· 
PWEL 
450 
- 
- 
300 
- 
- 
220 - 
- 
ns 


Address Strobe to Enable Delay 
tASED 
60 - 
- 
40, - 
- 
20 - 
- 
ns 
Time· 


~ 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 
Address Delay Time 
Fig_ 1 
190 
160 
tAD2 
- 
- 
250 
- 
- 
- 
- 
ns 


Address Delay Time for Latch· 
tADL 
Fig. 2 
- 
- 
250 
- 
- 
190 - 
- 
160 
ns 


Write 
tDsw 
230 
- 
- 
150 - 
- 
100 - 
- 
ns 


Data Set-up Time 
Read 
80 
60 
50 
tDSR 
- 
- 
- 
- 
- 
- 
ns 


Read 
tHR 
0 - 
- 
0 - 
- 
0 - 
- 
ns 
Data Hold Time 
20 
Write 
tHW 
20 - 
- 
20 - 
- 
- 
- 
ns 


Address Set-up Time for Latch· 
tASL 
60 - 
- 
40 
- 
- 
20 - 
- 
ns 


Address Hold Time for Latch 
tAHL 
30 - 
- 
20 - 
- 
20 - 
- 
ns 


Address Hold Time 
tAH 
20 - 
- 
20 - 
- 
20 - 
.- 
ns 


Ao - 
A7 Set-up Time Before E· 
tASM 
200 
- 
- 
110 - 
- 
60 - 
- 
ns 
I Non-Multiplexed 
(tACCN) 
- 
- 
650 
- 
- 
395 - 
- 
270 
ns 
Peripheral 
Read 
Bus. 


Access Time 
I 
• 
(tACCM) 
650 
395 
270 
Multiplexed 
Bus 
- 
- 
- 
- 
- 
- 
ns 


Oscillator 
stabilization 
Time 
tRC 
Fig. 10 
20 - 
- 
20 - 
- 
20 - 
- 
ms 


Processor Control 
Set-up Time 
!Pcs 
Fig. 11 
200 
- 
- 
200 - 
- 
200 - 
- 
ns 


Test 
HD6301Vl 
HD63A01Vl 
HD63B01Vl 
Item 
Symbol 
Con- 
Unit 
dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral 
Data 
Port 1.2,3,4 
!PDSU 
Fig. 3 
200 
- 
- 
200 - 
- 
200 
- 
- 
ns 
Set-up Time 


Peripheral 
Data 
Port 1, 2, 3, 4 
tpOH 
Fig. 3 
200 
- 
- 
200 - 
- 
200 - 
- 
ns 
Hold Time 


Delay Time, Enable Positive 
Transition 
to ~ 
Negative 
toSDl 
Fig. 5 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
Transition 


Delay Time, 
Enable Positive 


Transition 
to ~ 
Positive 
!as02 
Fig. 5 
- 
- 
300 
- 
- 
300 - 
- 
300 
ns 
Transition 


Delay Time, 
Enable Nega-/ Port 1 


tive Transition 
to Peri- 
2' 3 ,; 
tpwD 
Fig. 4 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
pheral Data Valid 
' 
, 


Input Strobe Pulse Width 
!,ow,s 
Fig. 6 
200 
- 
- 
200 - 
- 
200 - 
- 
ns 


Input 
Data Hold Time 
I 
Port 3 
t'H 
Fig. 6 
150 - 
- 
150 - 
- 
150 - 
- 
ns 


Input 
Data Setup Time I Port 3 
t,S 
Fig. 6 
0 - 
- 
0 - 
- 
0 - 
- 
ns 
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Test 
HD6301V1 
HD63A01V1 
HD63B01V1 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 
Input Pulse Width 
tpWT 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tCYC 


Delay Time, Enable Positive 
tTOO 
Fig. 7 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer Out 


SCI Input 
Clock Cycle 
tSCYC 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcvc 


SCI Input Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tScyc 


Test 
HD6301V1 
HD63A01V1 
HD63B01V1 


Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


RES "low" 
Pulse Width 
PWRSTL 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tCYC 


Mode Programming 
Set-up Time 
tMPs 
Fig. 8 
2 
- 
- 
2 
- 
- 
2 
- 
- 
leye 


Mode Programming 
Hold Time 
tMPH 
150 
- 
- 
150 - 
- 
150 
- 
- 
ns 


MCU Wnte 


0,,-01.A.-A, 


IPorl JI 


MCU 
Read 
0.-0,. 
A.-A, 


IPon 
31 
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•••• - •••• 1'01'141 


RIW 
ISC" 
~ 
lsell 


P,. 
- 
PI' 


P10 
- 
p .• 


p •.• - 
p., 


,1·'050' 
F 
o IV 
\:~ 
, 


• Access 
matches 
Output 
Strobe 
Select 
lOSS 
• 0, a reed; 


OSS 
• 
" 
a write) 


Figure 5 
Port 3 Output Strobe Timing 
ISingle Chip Model 


r MCUWuleEt: 


O.BV 


_lpWO· 


Note) 
Port 2: Except 
P,l 


Figure 4 
Port Data Delay Times 
(MCU Write) 


Figure 6 
Port 3 Latch TimIng 
ISingle Chip Model 
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C =90pF 
for PJO- Pll. 
P.O- PH. SC1• SC2 


=30pF 
for PIG-PII. 
P20-P2t 


=40pF 
for 
E 
R =12kQ 


Inlernel 
Address 
Bus 


NMI. IR01• 
IRO, 


Internal 
Oet. 
Bus 


In1ernel 
R••d 


OpCode 
pe:r.ndlrrelevanIPCO_ 
PCS- 
IXO- 
IXS- 
ACCA 
ACCS 
CCR 
eclor 
ector 
Flrstlnst 
of 


p COd\D~._t_'__ 
P_C_7 
PC_'_5 __ 
I_X7__ 
'_X_'5 
~1MSB 
lSB 
Interrupt Rou11ne 


\ 


:;,~••_~\\\§§\\\\\\§\\\\\\\\ 


RNi _~\\\\\\\\\\\\\\\\. 


~.;I\\\\\·\\\\\\\\\\\\\\\\\\\\I---------_:"'>---l~1----- 


Figure 11 
ResetTiming 


':::x::l.I------l>-1 ------- 
::=:x:::r~1 
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• Vcc, Vss 
These 
two 
pins 
are 
used 
for 
power 
supply 
and 
GND. 
Re- 


commended 
power 
supply 
voltage 
is 5V 
±IO%. 
3 to 
6V can 
be used 
for low speed 
operation 
(100 
- 
500 
kHz). 


• XTAL, EXTAL 
These 
two 
pins 
are 
connected 
with 
parallel 
resonant 
funda- 
mental 
crystal, 
AT 
cut. 
For 
instance, 
in order 
to 
obtain 
the 
system 
clock 
IMHz, 
a 4MHz 
resonant 
fundamental 
crystal 
is 
used 
because 
the 
devide-by-4 
circuitry 
is included. 
An example 
of the crystal 
interface 
is shown 
in Fig. 
12. EXTAL 
accepts 
an 


external 
clock 
input 
of duty 
45% to 55% to drive, 
then 
internal 


clock 
is a quarter 
the 
frequency 
of an external 
clock. 
External 


driving 
frequency 
will be less than 
4 times 
as maximum 
internal 


clock. 
For external 
clock, 
XTAL 
pin should 
be open. 


AT Cut Parallel Resonance Crystal 


co'" 
7 pF max 


Rs 
= 
60 n max 


• 
Standby 
(STB'i') 


This 
pin 
is used 
to 
place 
the 
MCU 
in the 
Standby 
mode. 


If this 
goes 
to 
"Low" 
level, 
the 
oscillation 
stops, 
the 
internal 


clock 
is tied 
to Vss 
or VCC and 
the MCU is reset. 
In order 
to 


retain 
information 
in 
RAM 
during 
standby 
mode, 
write 
"0" 
into 
RAM 
enable 
bit 
(RAME). 
RAME 
is bit 
6 of 
the 
RAM 
Control 
Register 
at address 
$0014. 
This 
disables 
the 
RAM, 
so 


the 
contents 
of RAM 
is guaranteed. 
For 
details 
of the 
standby 
mode, 
see the Standby 
section . 


• 
Reset 
(RES) 
This 
input 
resets 
the MCU. 
RES 
must 
be held 
"Low" 
for at 
least 
20ms 
when 
the power 
starts 
up. 
It should 
be noted 
that. 
before 
clock 
generator 
stabilize, 
the internal 
state 
and I/O ports 
are uncertain. 
because 
MCU can not 
be reset without 
clock. 
To 
reset 
the MCU during 
system 
operation. 
it must 
be held "Low" 
for 
at 
least 
3 system 
clock 
cycles. 
From 
the 
third 
cycle. 
all 
address 
buses 
become 
"High-impedance" 
and it continues 
while 
RES 
is "Low". 
If RES goes to "High", 
CPU does 
the following. 


(I) 
I/O Port 
2 bits, 
2.1 ,0 are latched 
into 
bits PC2. PCI. 
PCO of 


program 
con trol register. 


(2) 
The 
contents 
of 
the 
two 
Start 
Addresses. 
$FFFE. 
SFFFF 


are 
brought 
to 
the 
program 
counter, 
from 
which 
program 


starts 
(see Table 
I). 


(3) 
The 
interrupt 
mask 
bit 
is set. 
In order 
to 
have 
the 
CPU 


286 


recognize 
the 
maskable 
interrupts 
IRQ! 
and 
IRQ], 
clear 


it before 
those 
are used. 


• 
Enable 
(E) 


This 
output 
pin 
supplies 
system 
clock. 
Output 
is a single- 
phase, 
TIL 
compatible 
and 
1/4 
of 
the 
crystal 
oscillation 
fre- 
quency. 
It will drive two LS TTL load and 40pF. 


• 
Non maskable 
Interrupt 
(NMI) 


When 
the 
falling 
edge 
of 
the 
inpu t signal 
of 
this 
pin 
is re- 


cognized, 
NMI 
sequence 
starts. 
The current 
instruction 
is con- 


tinued 
to 
complete, 
even 
if NMI 
signal 
is detected. 
Interrupt 


mask 
bit 
in 
Condition 
Code 
Register 
has 
no 
effect 
on 
NMI 
detection. 
In 
response 
to 
NMI 
interrupt, 
the 
information 
of 


Program 
Counter, 
Index 
Register, 
Accumulators, 
and Condition 


Code 
Register 
are 
stored 
on 
the 
stack. 
On completion 
of this 


sequence, 
vectoring 
address 
SFFfC 
and 
$FFFD 
are generated 


to 
load 
the 
contents 
to 
the 
program 
counter. 
Then 
the 
CPU 


branch 
to a non maskable 
interrupt 
service 
routine. 


• 
Interrupt 
Request 
(lRQ,) 


This 
level 
sensitive 
input 
requests 
maskable 
interrupt 
se- 


quence. 
When 
n«Tt 
goes 
to 
"Low", 
the 
CPU 
waits 
until 
it 


completes 
the 
current 
instruction 
that 
is being 
executed. 
Then, 


if the 
interrupt 
mask 
bit in Condition 
Code 
Register 
is not set, 


CPU 
begins 
interrupt 
sequence; 
otherwise, 
interrupt 
request 
is 


neglected. 
Once 
the 
sequence 
has 
started, 
the 
information 
of Program 


Counter, 
Index 
Register, 
Accumulators, 
Condition 
Code 
Re- 


gister 
are stored 
on the 
stack. 
Then 
the 
CPU sets 
the interrupt 


mask 
bit 
so 
that 
no 
further 
maskable 
interrupts 
may 
be res- 


ponded. 


VectOl' 
Interrupt 
MSB 
LSB 


FFFE 
FFFF 
1m 


fFEE 
FFEF 
TRAP 


FFFC 
FFFD 
NMI 


FHA 
FFFB 
Soltw.,.lfltetrI.lPIISWII 


FFF8 
FFF9 
i'R'O, 
lor IS31 


FFF6 
HF7 
leF 
(Timer 
Input 
C-e>IUf.' 


FFF4 
FFFS 
OCF (T.".., 
OutOUt Com~,. 


FFF2 
FFFJ 
TOF IT,m.r 
o.".,llow) 


FHO 
FFF1 
SC_ (RDRF 
t DRFE 
+ TORE) 


At the end 
of the cycle, 
the 
CPU generates 
16 bit vectoring 


addresses 
indicating 
memory 
addresses 
SFFF8 
and 
SFFF9. 
and 


load 
the 
contents 
to 
the 
Program 
Counter, 
then 
branch 
to an 


interrupt 
service 
routine. 


The 
Internal 
Interrupt 
will 
generate 
signal 
(IRQ]) 
which 
is 


quite 
the same as IRQ, 
except 
that 
it will use the vector 
address 


SFFFO 
to SFFF7. 
When IRQi 
and 
IRQ] 
are 
generated 
at 
the 
same 
time. 
the 


former 
precede 
the 
latter. 
Interrupt 
Mask 
Bit in the condition 


code 
register, 
ifbeing 
set. will keep 
the both 
interrupts 
off. 


rRQl 
has 
no 
internal 
latch. 
Therefore. 
if TRQI 
is removed 


during 
suspension. 
that 
rRQl 
is ignored. 


On 
occurrence 
of 
Address 
error 
or 
Op-code 
error_ 
TRAP 


interrupt 
is invoked. 
This 
interrupt 
has 
priority 
next 
to RES. 


Regardless 
of 
the 
Interrupt 
Mask 
Bit condition. 
the 
CPU 
will 
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start an interrupt 
sequence. The vector for this interrupt will be 


$FFEE, $FFEF. 


• 
Input 
Strobe 
(lS3) 
(SCI) 


This signal controls IS3 interrupt 
and the latch of Port 3. 


When the falling edge of this signal is detected, 
the flag of 


Port 3 Control Status Register is set. 


For detailed explanation 
of Port 3 Control Status Register, 


see the I/O PORT 3 CONTROL STATUS REGISTER section. 


• 
Output 
Strobe 
(OS3) (SC2 ) 


This signal is used to send a strobe to an external 
device, 


indicating effective data is on the I/O pins. The timing chart for 
Output Strobe are shown in Figure 5. 


The following pins are available for Expanded Modes. 


• 
Read/Write 
(RIW) 
(SC2) 


This output 
signal indicates peripheral and memory devices 


whether 
CPU is in Read ("High"), 
or in Write ("Low"). 
The 


normal 
stand·by state is Read ("High"). 
Its output 
will drive 


one TTL load and 90pF. 


• 
I/O Strobe 
(lOS) 
(SC, ) 


In expanded 
non multiplexed 
mode 5 of operation, 
10S 


goes to "Low" 
only when A9 through A,s are "0" and As is 


"I" 
This allows extemal 
access 
up to 256 addresses from 


$0100 
to $OIFF 
in memory. 
The timing chart is shown in 


Figure 2. 


• 
Address 
Strobe 
(AS) (SCI ) 


In the expanded 
multiplexed 
mode, address strobe 
signal 


appears at this pin. It is used to latch the lower 8 bits addresses 
multiplexed 
with data at Port 3. The 8·bit latch is controlled 


by address strobe as shown in Figure 18. Thereby, I/O Port 3 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure I. 


Address Strobe (AS) is sent out even if the internal address 


area is accessed. 


• 
PORTS 
There are four I/O Ports on HD6301VI 
MCU (three 8·bit 


ports and one 5·bit port). 2 control pins are connected 
to one 


of the 8·bit port. Each port has an independent write·only data 
direction 
register to program individual I/O pins for input or 


output.* 
When the bit of associated Data Direction Register is "I ". 
I/O pin is programmed for output, if "0", then programmed for 
an input. 


There are four ports: 
Port 
I, Port 2, Port 3, and Port 4. 


Addresses of each port and associated Data Direction Registers 
are shown in Table 1.. 
• 
* Only one exception 
is bit 1 of Port 2 which becomes either a 


data input or a timer output. It cannot be used as an output 
port. 
« 


~ 
does not affect I/O port Data Register. Therefore, just 


after m, Data Register is uncertain. Data Direction Registers 
are reset. 


Data 
Direction 
Register Address 


$0000 
$0001 
SDOO4 
$0005 


I/O Port 
1 


I/O Port 
2 


I/O Port 3 
I/O Port 4 


• 
I/O Port 
1 
This is an 8·bit port, each bit being defined individually as 


input 
or outputs 
by associated Data Direction Register. The 


8·bit output 
buffers have three·state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic" I" and less than 0.8 V for logic "0". 


These are TTL compatible. After the MCU has been reset, all 
I/O lines of Port 1 are configured as inputs in all modes except 
mode I. In all modes except Mode I, Port 1 is always parallel 
I/O. In mode I, Port I will be output 
line for lower order ad· 
dress lines (AD to A7). 


• 
I/O Port 
2 
This port has five lines, whose I/O direction depends on its 


data direction register. The 5·bit output buffers have three·state 
capability, 
going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "1" and less than 0.8V for logic 
"0". After the MCU has been reset, I/O lines are configured as 
inputs. These pins of Port 2 (pins P2D,P21, P22 of the chip) are 
used to program the mode of operation during reset. The values 
of these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register, which is explained in 
the MODE SELECTION section. 


In all modes, Port 2 can be configured as I/O lines. This port 


also provides access to the Serial I/O and the Timer. However, 
note that bit I (P21) is the only pin restricted to data input or 
Timer output. 


• 
I/O Port 3 
This is an 8·bit port which can be configured as I/O lines, a 


data 
bus, or an address bus multiplexed 
with data bus. Its 


function depends on hardware operation mode programmed by 
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus 
is bi·directional. 
For an input 
from peripherals, regular TIL 


level must be supplied, that is greater than 2.0V for a logic" I" 
and less than 0.8V for a logic "0". This TIL compatible three· 
state buffer can drive one TTL load and 90pF capacitance. In 
the expanded 
Modes, data direction register will be inhibited 
after Reset and data direction will depend on the state of the 
R/Wline. Function of Port 3 is shown below. 
Single 
Chip 
Mode 
(Mode 
7) 
Parallel Inputs/Outputs 
as programmed by its corresponding 


Data Direction Register. 


There are two control lines associated with this port in this 


mode, an input strobe (m) and an output 
strobe (0"S3), both 
being used for handshaking. They are controlled by I/O Port 3 
Control/Status 
Register. Function of these two control lines of 


Port 3 are summarized as follows: 
(I) 
Port 3 input data can be latched using IS3 (SC1) as a 
input strobe signal. 
(2) 0"S3 can be generated by CPU read or write to Port 3', 


data register. 


(3) IRQI 
interrupt 
can be generated 
by an m falling 


edge. 
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Port 
3 strobe 
and latch timing is shown in Figs. 5 and 6 


respectively. 
I/O Port 3 Control/Status 
Register is explained as follows: 


I/O Port 3 
Control/Status 
Register 


Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit3 LATCH ENABLE. 


Bit 3 is used to control the input latch of Port 3. If the bit is 


set at "I ", the input data on Port 3 is latched by the falling edge 
of 1S3. The latch is released by the MCV read to Port 3; now 
new data can be latched 
again by IS3 falling edge. Bit 3 is 


cleared by a reset. If this bit is "0", 
IS3 does not affect I/O 
Port 3 latch operation. 
Bit 4 OSS (Output Strobe Select) 


This bit identifies the cause of output strobe generation: a 


write operation or read operation to I/O Port 3. When the bit is 
cleared, the strobe will be generated by a read operation to Port 
3. When the bit is not cleared, the strobe will be generated by a 
write operation. 
Bit 4 is cleared by a reset. 


Bit 5 Not used. 
Bit 6 fS3 iROi ENABLE. 


If this bit is set, IRQ! 
interrupt 
by IS3 Flag is enabled. 


Otherwise 
the interrupt 
is disabled. The bit is cleared by a 
reset. 
Bit 7 TS3 FLAG. 
Bit 7 is a read·only bit which is set by the falling edge of IS3 


(SC.). It is cleared by a read of the Control/Status 
Register fol· 
lowed by a read/write 
of I/O Port 3. The bit is cleared by rese't. 


Expanded Non Multiplexed Mode (mode 1,51 


In this mode, Port 3 becomes data bus. (Do - D7) 
Expanded Multiplexed Mode (mode 0, 2,4,6) 


Port 3 becomes both the data bus (Do - D7) and lower bits 


of the address bus (Ao - A7). An address strobe output is "High" 
while the address is on the port. 


• 
I/O Port 4 
This is an 8·bit port 
that becomes either 
I/O or address 


outputs 
depending 
on the selected operation 
mode. In order 
to be read accurately, 
the voltage at the input lines must be 
greater than 2.0V for a logic" I", and less than 0.8V for a logic 
"0". For outputs, each line is TTL compatible and can drive one 
TTL 
load 
and 90pF. 
Function 
of Port 4 for each mode is 


explained below. 
Single Chip Mode (Mode 7): Parallel 
Inputs/Outputs 
as pro· 


grammed by its associated data direction register. 
Expanded 
Non Multiplexed 
Mode 
(Mode 5): [n this mode, 


Port 4 becomes the lower address lines (Ao to A7) by writing 
"I "s 
on 
the 
data 
direction 
register. 
After 
reset, 
this port 


becomes inputs. In order to use these pins as addresses, they 
should be programmed as outputs. 
When all of the eight bits are not required as addresses, the 
remaining lines can be used as I/O lines (Inputs only). 
Expanded Non Multiplexed Mode (Mode 1): [n' this mode, Port 
4 becomes output 
for upper order address lines (As to AI s) 


regardless of the value of the direction register. 
Expanded 
Multiplexed 
Mode (Mode 6): In this mode, Port 4 


becomes the upper address lines (As to A,s). After reset, this 


port becomes inpu ts. In order to use these pins as addresses, 
they should be programmed 
as outputs. 
When all of the eight 


bits are not required, the remaining lines can be used as I/O 
lines (input only). 
Expanded Multiplexed Mode (Mode 0,2,4): 
In this mode, Port 


4 becomes output 
for upper order address lines (As to AIS) 


regardless of the value of data direction register. 


The relation between 
each mode and I/O Port 
I to 4 is 


summarized in Table 3. 


• 
MODE SELECTION 
The operation 
mode after the reset must be determined 
by 


the user wiring the P20, P21 and P22 pins externally. These three 
pins are lower order bits; I/O 0, I/O I, I/O 2 of Port 2. They are 
latched into the control bits PCO, PCI, PC2 of [/0 Port 2 regis. 
ter when reset goes "High". I/O Port 2 Register is shown below. 


An example of external hardware used for Mode Selection is 
shown in Fig. 13. The HDl4053B 
is used to separate the pe· 


ripheral device from the MCV during reset. It is necessary if 
the 
data 
may conflict 
between 
peripheral 
device and Mode 


generation circuit. 


No mode can be changed through software because the bits 


5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6301 VI is shown in Table 4. 


The HD630lVI 
operates 
in three basic modes: (I) Single 


Chip Mode; (2) Expanded Multiplexed Mode (compatible with 
the HMCS6800 peripheral 
family), (3) Expanded 
Non Multi- 


plexed Mode (compatible with HMCS6800 peripheral family). 


• 
Single Chip Mode (Mode 7) 
In the Single Chip Mode, all ports will become [/0. This is 


shown in Figure 15. In this mode, SCI, SC2 pins are configured 
for control lines of Port 3 and can be used as input strobe (IS3) 
and output strobe (DSj) for data handshaking. 


• 
Expanded Multiplexed Mode (Mode 0, 2, 4, 6) 
[n this mode, Port 4 is configured for I/O (inputs only) or 


address lines. The data bus and the lower order address bus are 
multiplexed 
in Port 3 and can be separated 
by the Address 


Strobe. 
Port 2 is configured for 5 parallel [/0 or Serial I/O, or Timer, 
or any combination 
thereof. Port I is configured for 8 parallel 


I/O. In this mode, HD6301 VI is expandable up to 65k words 
(See Fig. 16). 


• 
Expanded Non Multiplexed Mode (Mode 1,5) 
In this mode, the HD630lVI 
can directly addressHMCS6800 


peripherals with no address latch. In mode 5, Port 3 becomes a 
data 
bus. Port 4 becomes Ao to A7 address bus or partial 


address bus and [/0 
(inputs only). Port 2 is configured 
for a 


parallel [/0, Serial I/O, Timer or any combination thereof. 


Port I is configured as a parallel I/O only. 
In this mode, HD630lVI 
is expandable 
to 256 locations. 


[n mode I, Port 3 becomes a data bus and Port I becomes 


Ao to A7 address bus, and Port 4 becomes As to AIS address 
bus. 
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In this mode, the HD630lVI 
is expandable 
to 65k bytes 


with no address latch. 
(See Fig. 17). 


• 
Lower Order Address Bus Latch 
Because the data bus is multiplexed 
with the lower order 


Y. 
x 
z. 
Y 


P,. 
x, 


P" 
Y, 


P" 
Z, 
H0140538 
Inn 
] tp 


Mod. 


ContrOl 


SWitch 


address bus in Port 
3 in the expanded 
multiplexed 
mode, 


address bits must be latched. 
It requires the 74LS373 Trans- 


parent 
octal D-type to latch the LSB. Latch connection 
of 


the HD630IVI 
is shown in Figure 18. 


Pn 
(PCOI 


PI' 
IPClI 


PJ) 
IPC21 


Note 
11 Figure of Mode 7 
21 
RC::t:Reset Constant 


31 R,'10kn 


ContrOl Input 
On 
SWItCh 
Select 
Inhlb.t 
C 
B " 


H0140SJB 


0 
0 
0 
0 
z, y. X •• 


0 
0 
0 
1 
Z. y. X, 


0 
0 
1 
0 
Z. V, X. 


0 
0 
1 , 
Z, 
V, 
X, 


0 
1 
0 
0 
Z, 
y~ X. 


0 
1 
0 , 
Z, 
y. X, 


0 
1 
1 
0 
Z, 
V, 
X. 


0 
1 
1 
1 
Z, V, X, 
, 
X 
X 
X 


Port 2 
5110 
Lines 


SCI 
Timer 


Port 2 
5110 
L,nts 
SCI 
T,me' 


Port 
•• 
8 Address 


Lines 
or 
8110 
Lines 


(Inputs Only) 


Figure 16 
HD6301V1 MCU Expanded 
Multiplexed Mode 
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Port 2 
5 Parallel 
1/0 
SCI 
Timer 


Port 4 
8 Address 
Lines or 
8 110 Lines 


(Inputs 
onlyl 


Port 2 
5 Parallel 
1/0 
SCI 
Timer 


Port4 
8 Address 
Lines 


=U- 


0, 
a, 


74LS37J 


~ 
1,·""'.' 


J ~,. '.' 


OutPUI 
Enable 
OUtput 


Conirol 
G 
0 
a 
lOCI 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
a, 


H 
x 
X 
z 


• 
Summary 
of Mode and MCU Signal 


This 
section 
gives 
a description 
of the MCU signals 
for 
the 


various 
modes. 
SC I and SC, are signals which 
vary with the mode. 


MODE 
PORT 
1 
PORT 
2 
PORT 
3 
PORT 
4 
SCI 
SC, 
Eight 
Lines 
Five Lines 
Eight lines 
Eight 
Lines 


SINGLE 
CHIP 
(Made 
7) 
I/O 
I/O 
I/O 
I/O 
IS3 
(II 
OS3(0) 


ADDRESS 
BUS 


EXPANDED 
MUX 
I/o 
I/O 
(Ao-A,I 
ADDRESS 
BUS' 
ASIOI 
R!W(O) 
(Mode 
0, 2, 4, 6) 
DATA 
BUS 
(A,-A,,) 
(00-0,1 


EXPANDED 
(Made 
5) 
I/O 
I/O 
DATA 
BUS 
ADDRESS 
BUS' 
10S(0) 
R!WlO) 
100-0,) 
(Ao-A,) 


NON·MUX 
(Made 
1) 
ADDRESS BUS 
I/O 
DATA 
BUS 
ADDRESS 
BUS 
Not Used 
RIW(O) 
(Ao-A,) 
100-0,) 
(A,-A,,) 


-These 
hnes can be substItuted 
for 
110 (Input 
Only) 
(except 
Mode 
0, 2, 4) 


I 
:c 
Input 
153 
Input 
Strobe 
SC 
Strobe 
Control 
o 
Output 
053 
Output Strobe 
AS:: 
Address Strobe 
A/W 
ReadlWnte 
IDS 
I/O Select 
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Mode 
(~I:'21 
P" 
1~1:·01 
ROM 
RAM 
Interrupt 
Bu. 
Operating 
(PCII 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
Mux(4) 
Multlplexed/Partl.' 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUx(4) 
Non-Multiplexed/P,rtl.1 
Decode 


4 
H 
L 
L 
EC2I 
1111 
E 
MUX 
Multiplexed/RAM 


3 
L 
H 
H 
- 
- 
- 
- 
Not Used 


2 
L 
H 
L 
E(2) 
1(11 
E 
MUX 
Multiplexed/RAM 


I 
L 
L 
H 
El21 
I 
E 
NMUX 
Non-Multiplexed 


0 
L 
L 
L 
I 
I 
1131 
MUX 
Multiplexed Test 


LEGEND: 


I 
- 
Internal 


E 
- 
External 


MUX 
- 
Multiplexed 


NMUX 
- Non-Multiplexed 


L 
- 
Logic "0" 


H - Logic"'" 


lNOTESI 
11 Internal 
RAM is addressed at $0080. 


21 Internal ROM is disabled. 
3) Reset vector is external for 3 or 4 cycles after 
~ 
goes "high". 


4) 
Idle lines of Port 4 address 
outputs 
can 


be assigned 
to Input 
Port. 


• 
Memory 
Map 


The 
MCU can 
provide 
up 
to 
6Sk 
byte 
address 
space 


depending on the operating mode. Fig. )9 shows a memory map 
for each operating mode. The first 32 locations of each map are 
for the MCU's internal register only, as shown in Table S. 


Register 
Address 


Port 1 o.t. Direction Register···· 
00' 
Port 2 o.t. Direction Register···· 
01 
Port 1 o.t. Aegistlt' 
02' 
Port 2 0", 
Alil.let' 
03 


Port 3 o,t. DirectIOn Regllter •••• 
04" 
Port" 
Dltl 
Direction Register···· 
OS'" 


Port 3 Dltl 
Revist" 
06" 


Port" 
Dltl 
Register 
07'" 


Timer Control end Stltus 
Register 
08 
Count., 
(High Bytel 
09 
Counter ILow Bytel 
OA 
OutPUt Compere Rliister 
(Htgh Byte) 
08 


Output Compere RegIster ILow Bytel 
OC 
Input Cepture Register (High Bytel 
00 
Input Capture Register (Low Byte) 
OE 
Pan 3 Control and Stltus 
Register 
OF" 


Rite 
Ind Mode Control RegIster 
10 
Trlnsmlt/Recel\,e 
Control and Stilus 
RegIster 
11 
Receive Olta Register 
'2 
Trlnsmlt 
Data Register 
13 


RAM Control Register 
14 
R_NOd 
15·' F 


External 
address 
In Mode 
1 
External 
address 
m Modes 
0, 1, 2,4, 
6; cannot 
be 


accessed 
in Mode 
5 


External 
address 
In Modes 
O. 1,2.4 
1 = Output. 
0 = Input 
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HD6301Vl0 
Mode 
HD6301Vl1 
Mode 


Non-Multiplexed 
/Partial 
Decode 


$0000 


Multiplexed 
Test mode 


$0000('1 


INOTESI 
1) 
Excludes 
the followlOg 
addresses 
which 
may be 
used externally: 
S04, S05. S06, S07 and $OF. 
2) 
Addresses 
$FFFE 
and $FFFF 
are conSidered 


external 
If accessed 
Wlthm 3 or 4 cycles after a 


POSItive edge of RES and tnternal 
at all other 
times. 
3) At ler 3 or 4 CPU cycles, there must be no Qverlapprng 


of 
Internal 
and external 
memory 
spaces 
to aVOid 


driving 
the 
data 
bus with 
more 
than 
one 
device. 


4) 
ThIS mode 
IS the only 
mode 
which 
IS used for 


testing. 


/NOTEI 


Excludes 
the 
following 
addresses 
which 
may 
be 
used externally; 
SOO, S02, $04, S05. $06. $07 
and 
$OF. 
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HD6301Vl2 
Mode 
HD6301Vl.J! 
Mode 
••• 
HD6301V15 
Mode 


Multiplexed/RAM 


$0000 


Non-Multiplexed/Partial 
Decode 


SOOOO~ 
) 
Internal 
RegIsters 


SOOlF_ 
Unusable 


) In'e,"a' 
RAM 


} E x'ernal 
Memory 
Space 


Excludes the following address which 
may be used externally; 
$04, $05, $06, 


$07, $OF_ 


Exclude, 
$04. $06. $OF_ 


These address cannot 
be used 


externally, 
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HD6301V16 
Mode 


HD6301V17 
Mode 


soooo ~} 
Internal Registers 


$OOlF~:::~l,",,,",,,." 


Unusable 


(NOTE) 
Excludes the following addresswhIch may be 
used externally: 
$04. S06. SOF. 
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• 
PROGRAMMABLE TIMER 
The HD6301VI 
contains 
16-bit programmable timer which 


may be used 
to make measurement 
of input waveform. 
In 


addition 
to that it can generate an output waveform by itself. 
For both input and output waveform, the pulse width may vary 
from a few microseconds to several seconds. 
The timer hardware consists of 


• an 8-bit control and status register 
• a 16-bit free running counter 
• a 16-bit output compare register, and 
• a 16-bit input capture register 


A block diagram of the timer is shown in Figure 20. 


~--- -- - 


_____ 
J Outpul 
nput 


UwI 
'dO> 
Bill 
8itO 
PQn 2 
Port2 


Programmable Timer Block Diagram 


• 
Free Running Counter ($0009: $OOOA) 
The key elemen t in the programmable timer is a 16-bit free 
running 
counter, 
that 
is driven by an E (Enable) clock to 


increment its values. The counter value will be read out by the 
CPU software 
at any time with no effects on the counter. 


Reset will clear the counter. 


When the upper byte of this counter is read, the lower byte 


is stored in temporary latch. The data is fetched from this latch 
by the 
subsequent 
read of the lower byte. 
Thus consistent 


double byte data can be read from the counter. 


When the CPU writes arbitrary data to the upper byte ($09), 


the value of $FFF8 is being pre-set to the counter ($09, $OA) 
regardless of the write data value. Then the CPU writes arbi- 
tray data to the lower byte ($OA), the data is set to the "Low" 
byte 
of the counter, 
at the same time, the data preceedingly 


written in the upper byte ($09) is set to "High" byte of the 
counter. 


When the data is written to this counter, a double byte store 


instruction 
(ex. STD) must be used. If only the upper byte of 


counter is written, the counter is set to $FFF8. 


The counter 
value written to the counter 
using the double 


byte store instruction is shown in Figure 21. 


To write to the counter may disturb serial operations, so it 


should be inhibited during using the SCI in internal clock mode. 


• 
Output Compare Register ($OOOB:$OOOC) 
This is a 16-bit read/write register which is used to control an 
output 
waveform. The contents 
of this register are constantly 


being compared with current value of the free running counter. 


When the contents match with the value of the free running 


counter, 
a flag (OCF) 
in the 
timer 
control/status 
register 
(TCSR) 
is set and the current 
value of an output 
level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit I. When bit I 
of the Port 2 data direction register is "I" (output), 
the OLVL 
value will appear on the bit I of Port 2. Then, the value of Out- 
put Compare 
Register and Output 
level bit may be changed 
for the next compare. 


The output 
compare register is set to $FFFF 
dUring reset. 


The compare 
function 
is inhibited at the cycle of writing 


to the high byte of the output 
compare 
register and at the 
cycle just after that to ensure valid compare. It is also inhibited 
in same manner at writing to the free running counter. 


In order to write a data to Output 
Compare Register, a 


double byte store instruction (ex. STD) must be used. 


• 
Input Capture Register ($OOOD:$OOOE) 
The input capture register is a 16-bit read-only register used 
to hold the current 
value of free running counter 
when the 
proper transition of an external input signal occurs. 


The input transition 
change required to trigger the counter 
transfer is controlled by the input edge bit (lEDG). 


To allow the exterl\al input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
o of Port 2 must have been cleared (to zero). 
To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


• 
Timer Control/Status 
Register (TCSR) ($0008) 


This is an 8·bit register. All 8 bits are readable and the lower 
5-bit may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 
(1) A proper 
transition 
has been detected 
on the input pin 
(lCF). 


(2) A match has been found between 
the value in the free 


running counter and the output compare register (OCF). 


(3) When counting up to $0000 (TOF). 


Each 
flag has an individual 
enable 
bit in TCSR which 
determines 
whether 
or 
not 
an 
interrupt 
request 
may 
occur (IRQ2). If the I-bit in Condition Code Register has 
been cleared, a priority vectored address occurs correspond- 
ing to each flag. A description of each bit is as follows. 


Bit 0 
OLVL (Output Levell; When a match is found in the 


value between 
the counter and the output 
com- 
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pare 
register, 
this 
bit 
is transferred 
to the 
Port 
2 


bit 
I. If the 
DDR 
corresponding 
to Port 
2 bit 
I is 


set "I", 
the value will appear 
on the output 
pin of 


Port 
2 bit 
I. 


Bit 
1 
IEDG 
(Input 
Edge): 
This 
bit 
control 
which 
transition 


of 
an input 
of Port 
2 bit 
0 will 
trigger 
the 
data 


transfer 
from 
the 
counter 
to 
the 
input 
capture 


register. 
The 
DDR 
corresponding 
to 
Port 
2 bit 0 


must 
be cleared 
in advance 
of using this function. 


When 
IEDG 
= 0, trigger 
takes 
place 
on a negative 


edge 
("High" 
to "Low" 
transition). 
When IEDG 
= 


I, trigger 
takes 
place 
on a positive 
edge ("Low" 
to 


"High" 
transition). 


Bit 
2 
ETOI 
(Enable 
Timer 
Overflow 
Interrupt); 
When 
set, 
this 
bit 
enables 
TOF 
interrupt 
to 
generate 
the 
interrupt 
request 
(IRQ2). 
When 
cleared, 
the inter- 


rupt 
is inhibited. 


Bit 
3 
EOCI 
(Enable 
Output 
Compare 
Interrupt); 
When 
set, 
this 
bit 
enables 
OCF 
interrupt 
to 
generate 
the 


interrupt 
request 
(1RQ1). When 
cleared, 
the inter- 


rupt 
is inhibited. 


Bit 
4 
EICI 
(Enable 
Input 
Capture 
Interrupt); 
When 
set, 
this 


bit enables 
ICF 
interrupt 
to generate 
the interrupt 


request 
(IRQ1). 
When 
cleared, 
the 
interrupt 
is 
inhibited. 


Bit 5 
TOF 
(Timer 
Over 
Flow 
Flag); 
This 
read-only 
bit is set 


at 
the 
transition 
of 
$FFFF 
to 
$0000 
of 
the 


counter. 
It is cleared 
by CPU read 
of TCSR 
(with 


TOF 
set) 
followed 
by an CPU 
read of the counter 


($0009). 


Bit 6 
OCF 
(Output 
Compare 
Flag); 
This 
read-only 
bit 
is set 


when 
a match 
is found 
in the value 
between 
the 


output 
compare 
register 
and 
the 
counter. 
It 
is 


cleared 
by 
a read 
of 
TCSR 
(with 
OCF 
set) 
fol- 
lowed 
by 
an 
CPU 
write 
to 
the 
output 
compare 
register 
($OOOB or $OOOC). 
Bit 
7 
ICF 
(Input 
Capture 
Flag); 
The 
read-only 
bit is set by a 


proper 
transition 
on 
the 
input, 
and 
is cleared 
by 


a read 
of 
TCSR 
(with 
ICF 
set) 
followed 
by 
an 


CPU read of Input 
Capture 
Register 
($OOOD). 
Reset 
will 
clear 
each 
bit 
of 
Timer 
Control 
and 
Status 


Register. 


• 
SERIAL 
COMMUNICATION 
INTERFACE 


The 
HD630IVI 
contains 
a full-duplex 
asynchronous 
Serial 


Communication 
Interface 
(SCI). 
SCI 
may 
select 
the 
several 


kinds 
of the 
data 
rate. 
It consists 
of a transmitter 
and a receiver 


which 
operate 
independently 
but 
with 
the 
same 
data 
format 


and 
the 
same 
data 
rate. 
Both 
the 
transmitter 
and 
receiver 
com- 


municate 
with 
the 
CPU 
via the 
data 
bus and 
with 
the 
outside 


world 
through 
Port 
2 bit 
2, 3 and 4. Description 
of hardware, 


software 
and register 
is as follows. 


• 
Wake-Up 
Future 
In 
typical 
multiprocessor 
applications 
the 
software 
protocol 


will usually 
have the designated 
address 
at the initial 
byte 
of the 


message. 
The 
purpose 
of Wake-Up 
feature 
is to have 
the 
non- 


selected 
MCU 
neglect 
the 
remainder 
of 
the 
!T!essage. 
Thus 


the 
non-selected 
MCU 
can 
inhibit 
the 
all 
further 
interrupt 


process 
until 
the next 
message 
begins. 
Wake-Up 
feature 
is re-enabled 
by 
a ten 
consecutive 
"I "s 


which 
indicates 
an 
idle 
transmit 
line. 
Therefore 
software 
pro- 


tocol 
must 
put 
an 
idle 
period 
between 
the messages 
and must 


prevent 
it within 
the message. 


With 
this 
hardware 
feature, 
the 
non-selected 
MCU 
is reo 
enabled 
or ("waked-up") 
by the next 
message. 


• 
Programmable 
Options 
The 
HD630lVI 
has 
the 
following 
programmable 
features. 


• data 
format; 
standard 
mark/space 
(NRZ) 


• clock 
source; 
external 
or internal 
• baud 
rate; 
one 
of 4 rates 
per 
given 
E clock 
frequency 
or 


1/8 of external 
clock 
• wake.up 
feaiure; 
enabled 
or disabled 


• interrupt 
requests; 
enabled 
or 
masked 
individually 
for 


transmitter 
and receiver 
• clock 
output; 
internal 
clock 
enabled 
or disabled 
to Port 
2 bit 2 


• Port 
2 
(bits 
3, 
4); 
dedicated 
or 
not 
dedicated 
to 
serial 


I/O individually 


• 
Serial Communication 
Hardware 


The 
serial 
communications 
hardware 
is 
controlled 
by 
4 


registers 
as shown 
in Figure 
22. The registers 
include: 


• an 8-bit 
control/status 
register 
• a 4-bit 
rate/mode 
control 
register 
(write-only) 


• an 8-bit read-only 
receive 
data 
register 


• an 8-bit write-only 
transmit 
data 
register 


Besides 
these 
4 
registers, 
Serial 
I/O 
utilizes 
Port 
2 bit 
3 


(input) 
and 
bit 
4 (output). 
Port 
2 bit 
2 can 
be used 
when 
an 


option 
is selected 
for 
the 
internal-clock·out 
or 
the 
external· 
clock-in. 


• 
Transmit/Receive 
Control 
Status 
Register 
(TRCSR) 


TRCS 
Register 
consists 
of 8 bits which 
all may be read while 


only 
bits 0 to 4 may be written. 
The register 
is initialized 
to $20 
on RES. 
The bits of the TRCS 
register 
are explained 
below. 


Bit 0 WU (Wake 
Up); 
Set by software 
and cleared 
by hardware 


on 
receipt 
of ten 
consecutive" 
I "s. While 
this bit 


is "1", 
RDRF 
and 
ORFE 
flags 
are 
not 
set 
even 
if data 
are 
received 
or errors 
are detected. 
There- 


fore 
received 
data 
are ignored. 
It should 
be noted 


that 
RE flag must 
have already 
been set in advance 


ofWU 
flag's set. 


Bit 1 
TE (Transmit 
Enable); 
This bit enables 
transmitter. 
When 


this 
bit 
is set, bit 4 of Port 
2 DDR 
is also forced 


to 
be 
set. 
It 
remains 
set 
even 
if TE 
is cleared. 


Preamble 
of 
ten 
consecutive 
"l"s 
is transmitted 


just 
after 
this 
bit 
is 
set, 
and 
then 
transmitter 


becomes 
ready 
to send data. 


If 
this 
bit 
is cleared, 
the 
transmitter 
is disabled 


and serial I/O affects 
nothing 
on Port 
2 bit 4. 


Bit 
2 
TIE 
(Transmit 
Interrupt 
Enable); 
When 
this 
bit 
is set, 


TDRE 
(bit 
5) 
causes 
an 
IRQ2 
interrupt. 
When 
cleared 
TDRE 
interrupt 
is masked. 
Bit 3 
RE 
(Receive 
Enable); 
When set, Port 
2 bit 3 can be used 


as an input 
of receive 
regardless 
of DDR value 
for 


this bit. When cleared, 
the receiver 
is disabled. 


Bit 
4 
RIE 
(Receive 
Interrupt 
Enable); 
When 
this 
bit 
is set, 


RDRF 
(bit 
7) 
or 
ORFE 
(bit 
6) cause 
an rRQ2 


interrupt. 
When cleared, 
this interrupt 
is masked. 
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Bit 5 
TORE (Transmit Data Register Empty); When the data 


is transferred 
from 
the 
Transmit 
Data Register 


to Output 
Shift Register, this bit is set by hard- 


ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Transmit 
Data Register. TDRE is initialized 


to] 
by RES. 
Bit 6 
OR FE (Over Run Framing Error); When overrun or 


framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data 
register 
while the 
RDRF is "1". 
Framing 


Error occurs when the bit counter is not synchro- 


nized with the boundary 
of the byte in the re- 
ceiving bit 
stream. 
When Framing 
Error 
is de- 
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "]" 
and RDRF is "I ", Overrun Error 


is 
detected. 
Otherwise 
Framing 
Error 
occurs. 


The bit is cleared by reading the status register 
followed by reading the receive data register, or 
by RES. 


Bit 7 RDRF 
(Receive Data Register Full); This bit is set by 


hardware 
when the data is transferred 
from the 


receive shift register to the receive data register. 
It is cleared by reading the status register followed 
by reading the receive data register, or by RES. 


Bit 7 
Aate and Mode Control 
Register 
Bit 0 


1 
~sIO 


Transmit/Aeceive 
Control 
and Stalul 
Aegister 


$11 


XTAL 
2.4576 
MHz 
4.0 MHz 
49152MHz 


551 
550 
E 
614.4 
kHz 
1.0 MHz 
, 2288MHz 


0 
0 
E ~ 16 
26 1'./38.400 
Baud 
16 
1'./62,500 
Baud 
13 
1'./76,800Baud 


0 
1 
E ~ 128 
2081'./4.800 
Baud 
128 
1'./7812.5 
Baud 
104.21"/ 
9,600SBud 


1 
0 
E ~ 1024 
1.67m./600 
Baud 
1.024m./976.6 
Baud 
833.31"/ 
l,200Saud 


1 
1 
E ~ 4096 
6.67m./I50 
Baud 
4.096m./244.1·Saud 
3.333m./ 
300Saud 
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CC1: CCO 
Formit 
Clock Source 
Port 2 Bit2 
Port 2 Bit3 
Port 2 Bit 4 


0 
0 
- 
- 
- 
- 
- 


0 
1 
NRZ 
Internal 
Not Used*-* 
.. 
.. 


1 
0 
NRZ 
Internll 
Output- 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 


• 
Clock output 
is available regardless of values for bits AE and TE . 
•• 
Bit 3 is used for serial input 
if RE :: "'" 
in TRCS. 


Bit 4 is used for serial output 
if TE 
K 
"'" 
in TReS . 


•• - This pin can be used as liD 
port. 


• Transfer rate/Mode Control Register (RMCR) 


The register controls the following serial I/O functions: 
•Bauds rate 
'data format 
• clock source 
•Port 2 bit 2 feature 
It is 4·bit write-only register, cleared by RES. The 4 bits are 


considered as a pair of 2·bit fields. The lower 2 bits control the 
bit rate of internal 
clock while the upper 2 bits control 
the 


format and the clock select logic. 
Bit 0 SSO} 
Bit I SSI 
Speed Select 


These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency of the CPU. 
Table 6 lists the available Baud Rates. 


Bit2 CCO } 
Clock Control/Format 
Select 


Bit 3 CCI 


They control 
the data format 
and the clock select logic. 
Table 7 defines the bit field. 


• 
Internally Generated Clock 
If the user wish to use extemally 
an internal clock of the 


serial I/O, the following requirements should be noted. 


'CC!, CCOmust be set to "10" 
•The maximum clock rate must be E/16. 
•The clock rate is equal to the bit rate. 
•The values of RE and TE have no effect. 


• 
Externally Generated Clock 
If the user wish to supply an external clock to the Serial 


I/O, the following requirements should be noted. 


•The CCI, CCOmust be set to "11" (See Table 7). 
•The extemal 
clock must be set to 8 times of the desired 


baud rate. 
•The maximum external clock frequency is E/2 clock. 


• 
Serial Operations 
The serial I/O hardware must be initialized by the software 


before operation. The sequence will be normally as follows. 


•Writing the desired operation control bits of the Rate and 
Mode Control Register. 
•Writing the desired operation 
control 
bits of the TRCS 


register. 


If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 


kept 
set. When TE, RE bit are cleared during SCI operation, 
and subsequently 
set again, it should be noted that TE, RE 


must be kept "0" for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly. 


• 
Transmit Operation 
Data transmission 
is enabled by the TE bit in the TRCS 


register. When set, the output 
of the transmit 
shift register 


is connected 
with Port 2 bit 4 which is unconditionally 
con- 


figured as an output. 


After RES, the user should initialize both the RMC register 


and the TRCS register for desired operation. 
Setting the TE bit 


causes a transmission of ten-bit preamble of "I"s. Following the 
preamble, internal synchronization 
is established and the trans- 


mitter is ready to operate. Then either of the following states 
exists. 


(I) 
If the transmit 
data register is empty (TDRE = I), the 


consecutive 
"I"s 
are 
transmitted 
indicating 
an 
idle 


states. 


(2) If the data 
has been loaded into the Transmit 
Data 


Register (TDRE 
= 0), it is transferred 
to the output 


shift register and data transmission begins. 


During the data transfer, 
the start bit ("0") 
is first trans- 


ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit ("I"). 
When the contents of the Transmit Data Register 


is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of I's is sent until the data is supplied to the data register. 


• 
Receive Operation 
The receive operation 
is enabled by the RE bit. The serial 


input is connected 
with Port 2 bit 3. The receiver operation 


is determined 
by the contents of the TRCS and RMC register. 


The received bit stream is synchronized 
by the first "0" (start 


bit). During lO-bit time, the data is strobed approximately 
at 


the center of each bit. If the tenth bit is not "I" 
(stop bit), 


the system assumes a framing error and the ORFE is set. 


If the tenth bit is "I", 
the data is transferred to the receive 


data register, and the RDRF flag is set. If the tenth bit of the 
next 
data 
is received and still RDRF is preserved set, then 


ORFE is set indicating that an overrun error has occurred. 


After 
the CPU read of the status register as a response to 


RDRF flag or ORFE 
flag, followed by the CPU read of the 


receive data register, RDRF or ORFE will be cleared. 


• 
RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 


information about standby RAM. 


Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable. 


Using this control 
bit, the user can disable the RAM. RAM 


Enable bit is set on the positive edge of RES and RAM is 
enabled. 
The program 
can write 
"I" 
or "0". 
If RAME is 


cleared, 
the RAM address becomes external 
address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Bit 
This bit can be read or written 
by the user program. It is 
cleared when the Vcc 
voltage is removed. Normally this bit 


is set by the program before going into stand-by mode. When 
the 
CPU recovers 
from stand-by 
mode, 
this bit should 
be 


checked. If it is "I", 
the data of the RAM is retained during 


stand-by and it is valid. 


• 
GENERAL 
DESCRIPTION 
OF INSTRUCTION 
SET 


The HD6301 VI has an upward object code compatible with 


the HD6801 
to utilize all instruction 
sets of the HMCS6800. 
The execution 
time of the key instruction is reduced to increase 


the system through.put. 
In addition, the bit operation instruc- 


tion, 
the 
exchange 
instruction 
between 
the 
index 
and the 


accumulator, 
the 
sleep 
instruction 
are added. 
This section 


describes: 


•CPU programming model (See Fig. 23) 
• Addressing modes 
• Accumulator 
and memory manipulation 
instructions (See 


Table 8) 
•New instructions 
'Index 
register and stack manipulation 
instructions 
(See 


Table 9) 
•Jump and branch instructions (See Table 10) 
•Condition 
code 
register 
manipulation 
instructions 
(See 


Table II) 
•Op-code map (See Table 12) 
• Cycle·by·Cycle Operation (See Table 13) 


• CPU Programming Model 


The programming model for the HD6301 VI is shown in Fig· 


ure 23. The double accumulator 
is physically the same as the 


accumulator 
A concatenated 
with the accumulator 
B, so that 


the contents of A and B is changed with executing operation of 
an accumulator D. 


~ 
A 
~ 
7 
B 
01 B·BHAceumull'." 
A .nO B 


15- - - - 
- 
- - 
0 - - 
0 Or 18·81tDoubl. Accumul.tOt 
0 


I'B 
X 
O!lndelt Reollt., (X) 


I,B 
SP 
oI Stick 
Point.' ISPI 


I,B 
PC 
01 Progr.m 
Count" 
IPC) 


7 
0 


~ 


1 
H 
I 
N 
Z 
V 
C 
Condition 
Code 
Reglu,r 
(CCR) 


Carry/Borrow 
from MSB 


O.•••rflow 
Zero 
Negative 
Interrupt 


Half Cerry {From Bit 31 


• 
CPU Addressing Modes 
The HD6301V I has seven address modes which depend on 


both of the instruction type and the code. The address mode for 
every instruction 
is shown along with execution time given in 


terms of machine 
cycles (Table 
8 to 
12). When the clock 
frequency is 4 MHz, the machine cycles will be microseconds. 
Accumulator (ACCX) Addressing 
Only the accumulator (A or B) is addressed. Either accumula- 


tor A or B is specified by one-byte instructions. 
Immediate Addressing 
In this mode, the operand is stored in the second byte of the 


instruction except that the operand in LDS and LDX, etc are 
stored 
in the second and the third byte. These are two or 


three-byte instructions. 
Direct Addressing 
In this mod~, the ~ccond byte of instruction 
indicates the 


address where the op,,~nd 
is stored. Direct addressing allows 


the user to directly address the lowest 256 Bytes in the machine 
locations 
zero 
through 
255. 
Improved 
execution 
times are 


achieved 
by 
storing 
data 
in 
these 
locations. 
For 
system 


configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two· byte 
instructions 
except 
the 
AIM, OIM, ElM and TIM 


which have three· byte. 
Extenclad Addressing 
In this mode, the second byte indicates 
the upper 8 bits 


addresses where the operand is stored, while the third byte 
indicates 
the 
lower 
8 bits. This is an absolute 
address in 
memory. These are three·byte instructions. 
Indexed Addressing 
In this mode, the contents of the second byte is added to the 


lower 8 bits in the Index Register. For each of AIM, OIM, ElM 
and TIM instructions, the contents of the third byte are added 
to 
the 
lower 8 bits in the Index Register. In addition, 
the 


resulting "carry" 
is added to the upper 
8 bits in the Index 


Register. The result is used for addressing memory. Because the 
modified 
address is held in the Temporary 
Address Register, 


there is no change to the Index Register. These are two.byte 
instructions but AIM, OIM, ElM, TIM have three·byte . 
Implied Addressing 
In this mode, the instruction 
itself gives the address; stack 


pointer, index register, etc. These are I·byte instructions. 
Ralative Addrelling 
In this mode, the contents of the second byte is added to the 


lower 8 bits in the program counter. 
The resulting carry or 


borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 
to + 129 bytes of the 


current execution 
instruction. These are two·byte instructions. 
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ConditiO'" 
Code 


Addressing Modes 
Reglu.r 


Oper.tlons 
Mnemonic 
Boole.n/ 


IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Aflt"m.tic 
Oper.tlon 
5 
4 
3 
2 
1 
0 


OP - .OP - . OP - .OP - . OP - . 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A + M- 
A 
I · 


I 
I 
I 
I 


ADDB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B+M-B 
I · 


I 
I 
I 
I 


Add Doabl. 
ADDD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A 
8.M 
M + 1- 
A 
8 ·· 


I 
I 
I 
I 


Add Accumul.tors 
A8A 
18 
1 
1 
A + B- 
A 
I · 


I 
I 
I 
I 


Add With Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
89 
4 
3 
A+M+C-A 
I · : I 
I 
I 


AOC8 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
I · 


I 
I 
I 
I 


ANO 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
84 
4 
3 
AoM-A 
·· 


I 
I 
A · 
ANDB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
BoM- 
B 
·· 


I 
I 
A · 
Bit Tilt 
BIT A 
85 
2 
2 
95 
3 
2 
AS 
4 
2 
85 
4 
3 
A·M 
·· 


J 
I 
A · 
BIT 
B 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
8·M 
·· 


I 
I 
A · 
Cle.r 
CLA 
6F 
5 
2 
7F 
5 
3 
00- 
M 
·· 


A 
S 
A 
A 


CLRA 
4F 
1 
1 
00 - 
A 
·· 


A 
S 
A 
A 


CLRB 
SF 
1 
1 
00 - 
B 
·· 
A 
S 
A 
A 


Comp.r. 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
81 
4 
3 
A-M 
·· 
I 
I 
I 
I 


CMPB 
Cl 
2 
2 
01 
3 
2 
El 
4 
2 
Fl 
4 
3 
8 
- M 
·· 
I 
I 
I 
I 


Comper. 
C8A 
11 
1 
1 
A-8 
·· 


I 
I 
I 
I 
Accumul.tors 


Compliment, 
'Os 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 


I 
I 
A 
S 


COMA 
43 
1 
1 
A -A 
·· 
I 
I 
A 
S 


COM8 
53 
1 
1 
8 
- 
8 
·· 


I 
I 
A 
S 


Compl.ment,2°s 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 
I 
I 
(2) 


IN.t.) 
NEGA 
40 
1 
1 
OO-A-A 
·· 
I 
I (j)(2) 


NEGB 
50 
1 
1 
00 
8-8 
·· 


I 
I (j)~ 


DeClm.1 AdJust, A 
OAA 
19 
2 
1 
Converts blnery 
add of BCD ·· 


I 
I 
I 
C» 
c".recters 
Into BCD for met 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M - 1 - 
M 
·· 
I 
I @ • 


DECA 
4A 
1 
1 
A -1 
- 
A 
·· 


I 
I @. 


OEC8 
SA 
1 
1 
B-l-B 
·· 


I 
I @. 


ElilClusI'" OR 
EOAA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
88 
4 
3 
A@M-A 
·· 


I 
I 
A · 
EQR8 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B 0 M- 
a 
·· 


I 
I 
A · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+1-M 
·· 


I 
I a> • 


INCA 
4C 
1 
1 
A + 1 - 
A 
·· 


I 
I a>. 


INCa 
5C 
1 
1 a + 1- 
B 
·· 


I 
I · 
Loed 
LOAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M-A 
·· 
I 
I 
A · 
Accumuletor 
LOAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M _ 
8 
·· 


I 
I 
A · 
Loed Double 
LOO 
CC 
3 
3 
OC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1- 
B, M- 
A 
·· 


I 
I 
A · 
Accumul8tor 


Multiply 
Uns.gnt>d 
MUL 
30 
7 
1 
AlIlB-A"B 
···· 
• 
(l) 


OR,lnclull'l. 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
8A 
4 
3 
A + M- 
A 
·· 


I 
I 
A · 
ORAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B + M- 
B 
·· 


I 
I 
A · 
Pus" O.t. 
PSHA 
36 
4 
1 
A - 
Msp, SP - 
1 - 
SP 
······ 
PSHB 
37 
4 
1 
8 ~ Msp, SP - 1 - 
SP 
······ 
Pull 0.18 
PULA 
32 
3 
1 
SP + 1 - 
SP, Msp - 
A 
······ 
PULB 
33 
3 
1 
SP + 1 - 
SP, Msp - 
B 
······ 
Rot.t. 
L.ft 
AOL 
69 
6 
2 
79 
6 
3 
:}4}1! ! !! I I I~ ·· 


I 
I (i) I 


ROLA 
49 
1 
1 
·· 
I 
I (i) I 


ROLB 
59 
1 
1 
• 
bl 
GO ·· 


I 
I 
I 


Rot.t. 
Right 
AOA 
66 
6 
2 
76 
6 
3 
:}L:¢1III!! 
I ,>J ·· 
I 
I .. 


RORA 
46 
1 
1 
.. ·· 
I 
I 
T- 


RORB 
56 
1 
1 • 
.7 
·· 


I 
I (i)1 
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Addressing Mode, 
Condition 
Code 


R~ister 
Operation, 
Mnemonic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Boole.nl 
5 
4 
3 
2 
1 
0 
Arithmetic 
OperatIOn 


OP - .OP - .OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Shift 
Left 
A5L 
68 
6 
2 
78 
6 
3 
.. 
·· 
I 
II~ 
I 
Arithmetic 
AS LA 
48 
1 
1 Aj ~ 
I I II I I I I-<J·· 


I I ~l 


ASLB 
58 , 
1 
• 
b' 
bO ·· 
I 
II® I 


Doubl. 
Shift 
ASLD 
05 
1 
1 ~ 
Ate AI xce • 1-0 ·· 


I 
l~ 
I 
Left. 
Arithmetic 
••., 
"'0 
., 
50 


Shih 
RtoM 
ASR 
67 
6 
2 
77 
6 
3 
=) en llili I f<9 ·· 
I 
I 
I 
Arithmetic 
ASRA 
47 , 
1 
·· 


I I 
6 
I 


ASRB 
57 
1 
1 
• 
is 
bO 
·· 
I 
I 
6 
I 


Shift 
Right 
LSR 
64 
6 
2 
74 
6 
3 
:}o--t 
I 


---+ 
·· 


R 
I 
I 
Logicel 
LSRA 
44 
1 
1 
111111J""9 
·· 


R I 
6 
I 


LSRB 
54 
1 
1 · " 
·· 


R 
I 
I 


Double 
Sh.ft 
o-"L 
---+ 


ra: 
Right 
Logical 
LSRO 
04 
1 
1 
ACC40AJe~CC. eo~ ·· 


R 
I 
I 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
8' 
4 
3 
A_ 
M 
·· 
I I 
R · 
Accumulator 
STA8 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
8_M 
·· 


I 
I 
R · 
Store Double 
STO 
DO 
4 
2 
ED 
5 
2 
FO 
5 
3 
A_ 
M 
·· 
I I 
R · 
Accumulator 
8 _ 
M + 1 


Subtract 
SU8A 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
80 
4 
3 
A-M 
_A 
·· 


I I 
I 
I 


SU88 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
8-M-8 
·· 
I I I I 


Double 
Subtrkt 
SU8D 
83 
3 
3 
93 
4 
2 
A3 
5 
2 
83 
5 
3 
A: 
8-M 
: M + 1-"': 
8 ·· 
I 
I I I 


Subtrkt 
S8A 
10 
1 
1 
A-S-A 
·· 
I 
I 
I 
I 
Accumul.tors 


Subtract 
S8CA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
82 
4 
3 
A-M-C 
..• A 
·· 


I I I I 
W.tl"l (Arrv 
S8C8 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
8-M-C-8 
·· 
I 
I 
I 
I 
-- 


R 
Tr.nder 
TA8 
16 , 
1 
A- 
8 
·· 
I 
I · 
Accumul.tor, 
T8A 
17 
1 
1 
8 _ 
A 
·· 
I 
I 
R · 
Te,t 
Zero 0' 
TST 
60 
4 
2 
70 
4 
3 
M -00 
·· 
I 
I 
R 
R 
Minus 
TSTA 
40 
1 
1 
A - 00 
·· 
I I 
R 
R 


TST8 
50 
I 
1 
8 - 00 
·· 
I 
I 
R 
R 


And Immed •• te 
AIM 
7' 
6 
3 
61 
7 
3 
M·IMM-M 
• • I I 
R • 
OR Immect!ete 
OIM 
72 
6 
3 
62 
7 
3 
M+IMM 
....•M 
• • I I 
R • 
EOR Immedl.te 
ElM 
75 
6 
3 
65 
7 
3 
M$lMM-M 
• • I I 
R • 
Test Immedl.te 
TIM 
78 
4 
3 
68 
5 
3 
M·IMM 
• • I I 
R • 


• 
Now Instructions 
In addition to the HD6801 Instruction Set, the HD630lVl 


has the following new instructions: 
AIM ----(M) 
• (IMM) 
-+ (M) 
Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 


OIM---- 
(M) + (IMM) 
-+ (M) 
Evaluates 
the 
OR of the immediate 
data and the 


memory, places the result in the memory. 


EIM----(M)0 
(IMM)-+ (M) 
Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 


TIM- - _. (M) • (IMM) 


Evaluates the AND of the immediate data and the 
memory. changes the flag of associated condition code 
register 
Each instruction 
has three bytes; the first is op·code, the 


second is immediate data, the third is address modifier. 
XGDX--(ACCD)" 
(IX) 
Exchanges the contents of accumulator and the index 
register. 


SLP----The 
CPU is brought 
to 
the sleep mode. 
For sleep 


mode, see the "sleep mode" section. 
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AddreSSing 
Modes 
Condition 
Cod, 


800leln/ 
Regist.r 


POinter 
Operlhons 
MnemonIC 
IMMEO. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
ArIthmetIc 
Operltion 
S 
0 
3 
2 
1 
a 


DP - • 
DP - • 
DP - .DP - .DP - • 
H 
I 
N 
Z 
V 
C 


Complre 
Inde. 
Reg 
CPX 
8C 
3 
3 
9C 
0 
2 
AC 
S 
2 
8C 
S 
3 
X-MM+l 
·· : I 
I 
I 
----- 


DEX 
09 
1 
I 
X 
,- 
X 
··· 
I ·· 


Decrement 
Inde. 
Reg 


Decrement 
Stick 
Pntr 
DES 
30 
1 , 
SP - 
1 - 
SP 
······ 
Increment 
Inde. 
Reg 
INX 
08 
1 , 
X + 1 - 
X 
··· 
I ·· 
Incr,ment 
Stick 
Pnlt 
INS 
31 , 
1 
$P+1-SP 
······ 
LOld 
Inde. 
Reg 
LOX 
CE 
3 
3 
DE 
0 
2 
EE 
S 
2 
FE 
S 
3 
M- 
XH.IM+ll- 
XL · 
• 
(1) 
I 
R · 
Lc.d 
Stick 
Pntr 
LOS 
8E 
3 
3 
9E 
0 
2 
AE 
S 
2 
BE 
S 
3 
M- 
sPH,IM+1)-SPL,. 
· '<D I 
R · 
Store 
Inde. 
Reg 
STX 
OF 
0 
2 
EF 
S 
2 
FF 
S 
3 
XH - 
M. XL - 
(M + 11 · 
.(i) 
I 
R · 
Store 
SliCk 
Pnlt 
STS 
9F 
0 
2 
AF 
S 
2 
BF 
S 
3 
SPH 
- 
M. SPL,. - 
1M + 1) · • (i) I 
R · 
Inde. 
Reg 
- 
SliCk 
Pntr 
TXS 
3S , , 
X-l-sP 
······ 
Stick 
Pntt 
- 
Inde. 
Reg 
TSX 
30 , , 
sP 
+ 1- 
X 
······ 
Add 
ABX 
3A , , 
B + X- 
X 
······ 
Push 
Oltl 
PSHX 
3C 
S , 
Xl-MtP·SP-l-SP 
······ 
XH - 
M~. 
SP - 
1 - 
SP 


Pull Dill 
PUlX 
38 
0 
1 
SP + 1 - 
SP. MtP - 
XH ······ 
SP+l-SP,MIP-Xl 


e.change 
XGDX 
t8 
2 , 
ACCD··IX 
• • ···· 


AddreSSing 
Modes 
Condilion 
Code 
Reglner 
Operlhons 
MnemoniC 
RELATIVE 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Br,nch 
Teu 
S • 
3 
2 , 
a 


DP - . OP - .OP - .OP - . OP - . 
H 
I 
N 
Z 
V 
C 


Sr.nch 
Alwlys 
BRA 
20 
3 
2 
None 
······ 
Br.nch 
Never 
BRN 
2' 
3 
2 
None 
······ 
Br.nch 
It c.rry 
CI•.• r 
BCC 
20 
3 
2 
C' 
a 
······ 
Brlnch 
If Clrry 
Set 
BCS 
2S 
3 
2 
C' 
, 
······ 
Srlnch 
If - Z.ro 
BED 
27 
3 
2 
Z -, 
······ 
Brlnch 
If 
;»0 Zero 
BGE 
2C 
3 
2 
NG) 
V-O 
······ 
Sranch 
It > Z.ro 
BGT 
2E 
3 
2 
Z + IN 0 VI - 0 
······ 
Srlnch 
If Higher 
BHI 
22 
3 
2 
C+Z-O 
······ 
erlnch 
If < Z.ro 
BLE 
2F 
3 
2 
Z + IN G) VI - 
1 
······ 
8rlnch 
If lower 
Or 
BLS 
23 
3 
2 
C + Z - 
1 
······ 


Som. 


erlnch 
If < Z.ro 
BLT 
20 
3 
2 
N@V-l 
······ 
erlnCh 
If Minus 
BMI 
2B 
3 
2 
N-, 
······ 
erlnch 
If Not 
EQuII 
BNE 
26 
3 
2 
ZoO 
······ 


Z.ro 


erlnch 
If O .•• tflow 
BVC 
28 
3 
2 
v-o 
······ 


Clelr 


Branch 
If O .•• rflow 
Set 
BVS 
29 
3 
2 
V· 
, 
······ 
Brlnch 
If Plus 
BPL 
2A 
3 
2 
N-o 
······ 
Brlnch 
To Subroutine 
BSR 
80 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump 
To Subroutine 
JSR 
90 
S 
2 
AD 
S 
2 
BD 
6 
3 
······ 


No 
Operltion 
NOP 
A' , , 
Ad .•.•nces 
Prog. 
Cntr. ······ 
Only 


R.turn 
From 
Int.rrupt 
Rli 
3B 
'A , 
-- !i -- 


R.turn 
From 
RTS 
39 
S , 
······ 


Subroutin. 


Softwar, 
Intlrrugt 
SWI 
3F 
12 
I 
· 


S ···· 
Wlit 
for 
Intlrrupt· 
WAI 
3E 
9 , 
· 


1) • ··· 
Sleep 
$lP 
1A 
0 , 
·• ··• • 
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ddressingMode1 
Condliion Code RegISter 


Optretions 
MnemonIC 
IMPLIED 
Boolean OperatIon 
5 
4 
J 
2 
I 
0 


OP - . 
H 
• 
N 
Z 
V 
C 


cae., c.rry 
CLC 
DC 
1 
1 
O-C 
· · · · · 


A 


Ct..r Interrupt Me,k 
CLI 
DE 
1 
1 
0-' 
· 


A · · · · 
CIM, O•••,flow 
CLV 
OA 
I 
1 
O-V 
· · · · 
A · 
Set c.rry 
SEC 
00 
1 
1 
l-C 
· · · · · 


S 


Set Interrupt Me,k 
SEI 
OF 
1 , 
1- 
I 
· 


S · · · · 
Set O••••rflow 
SEV 
DB 
1 
1 
I-V 
· · · · 
S · 
Accumul.to, 
A - CCR 
TAP 
06 
1 
1 
A- 
CCA 
--- 
Id --- 


CCA - Accumuletor A 
TPA 
07 
I 
1 
CCA 
- 
A 
.1.1.1.1. 
· 


[NOTE 1] 
Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
CD 
(Bit VI 
Test: 
Result· 
1ס0ooooo7 


@ 
(Bit Cl 
Test: 
Result 
'I 0ס0ooooo7 


@ 
(Bit C) 
Test: 
BCD Character of high-order byte greater than 
9? (Not cleared if previously set) 


@ 
(Bit V) 
Test: Operand = 1ס0ooooo prior to execution? 


® 
(Bit V) 
Test: Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: Set equal to NeC=l after the execution of instructions 


(J) 
(Bit N) 
Test: Result lessthan zero? (Bit 15=1) 


® 
(All Bitl 
Load Condition Code Register from Stack. 


® 
(Bit I) 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 
state. 


@> 
(All Bit) 
Set according to the contents of Accumulator A. 
® 
(Bit C) 
Result of Multiplication 
Bit 7= 1 of ACCB? 


(NOTE 2] 
CLI instructions and interrupt. 
_ 


If interrupt 
mask-bit is set (1:="1") 
and interrupt 
is requested (IRQ, 
= "0" 
or IRQ,: := "0"1 •. 


and then CLI instructio.n is executed, the CPU responds as follows. 
1 
the next instruction 
of CLI is one-machine cycle instruction. 


Subsequent two instructions are executed before the interrupt 
is responded. 
That is, the next and the next of the next instruction are executed. 
2 
the next instruction of CLI is two·machine cycle (or more) instruction. 
Only the next instruction is executed and then the CPU jump to the interrupt routine. 


Even if TAP instruction is used, instead of CLI, the samething occurs. 


OP 
ACC 
ACC 
Z 


ACCA 
or 
SP 
ACCB 
or 
X 


INO 


CODE 
A 
B 
DIR 
IMM 
I 
DIR 
I 
IND 
I 
EXT 
IMM 
I 
DIR 
I 
IND 
1 EXT 


~ 


סס oo 
000' 
0010 
0011 
0100 
0101 
0110 
0111 
1000 I '001 I '010 r 
1011 
1100 I 
1101 I 
1110 1 1111 


LO 
0 
I 
2 
3 
4 
5 
6 
1 
8 
I 
9 
TAT 
B 
C 
ToT 
E 
T 
F 


0000 
0 ------ 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
I 
NOP 
CBA 
BRN 
INS -- 


AIM 
CMP 
I 


0010 
2 ~ 
~ 
BHI 
PULA 
:::::-- 
OIM 
SBC 
2 


0011 
3 ~ 
------ 
BLS 
PULB 
COM 
SUBD 
I 
ADDD 
3 


0100 
4 
LSRD 
------ 
BCC 
DES 
LSR 
AND 
• 


0101 
5 
ASLD .--- 


BCS 
TXS -- 
ElM 
BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
1 
TPA 
TBA 
BEQ 
PSHB 
ASR 
-------I 
STA 
1------1 
STA 
1 


1000 
8 
INX 
XGDX 
Bve 
PULX 
ASL 
EOR 
8 


1001 
9 
DEX 
DAA 
BVS 
RTS 
ROL 
ADC 
9 


1010 
A 
eLV 
SLP 
BPL 
ABX 
DEC 
ORA 
A 


1011 
8 
SEV 
ABA 
BMI 
RTI -- 


TIM 
ADD 
B 


1100 
C 
CLC 
------ 
BGE 
PSHX 
INC 
CPX 
LDD 
C 


1101 
0 
SEC 
------ 
BL T 
MUL 
TST 
BSR I 
JSR 
...........-1 


STD 
0 


1110 
E 
Cli 
~ 
BGT 
WAI 
~------- 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
~ 
BLE 
SWI 
eLR 
.....- 
STS 
....._l 
STX 
F 


0 
I 
, 
3 
• 
5 
6 
I 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
DIE 
I 
F 
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• 
Instruction 
Execution Cycles 


In the HMCS6800 
series, the execution 
cycle of each in- 


struction 
is the 
number 
of cycles between 
the start 
of 
the 


current 
instruction 
fetch 
and just 
before 
the start of the sub- 


sequent instruction 
fetch. 
The 
HD6301 VI 
uses a mechanism 
of 
the 
pipeline 
con- 


trol 
for 
the 
instruction 
fetch 
and the subsequent instruction 


fetch 
is performed 
during 
the current 
instruction 
being exe- 


cuted. 


Therefore, 
the method 
to count 
instruction 
cycles used in 


the HMCS6800 series cannot be applied to the instruction 
cy- 


cles such as MULT, PULL, OAA and XGOX in the HD630IVI. 


Table 
13 provides the infonnation 
about 
the reIl!!lonship 


among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


Address 
Mode & 


Instructions 


ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Operand 
Data 


AND 
BIT 
2 
Op Code Address+2 
1 
Next Op Code 


CMP 
EOR 
2 
LDA 
ORA 


SBC 
SUB 


ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Operand Data (MSB) 
LDD 
LDS 
3 
2 
Op Code Address+2 
1 
Operand 
Data (LSB) 
LDX 
SUBD 
3 
Op Code Address+3 
1 
Next Op Code 


ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Address of Operand (LSB) 


AND 
BIT 
2 
Address of Operand 
1 
Operand Data 


CMP 
EOR 
3 
3 
Op Code Address+2 
1 
Next Op Code 


LDA 
ORA 


SBC 
SUB 


STA 
1 
Op Code Address+ 
1 
1 
Destination 
Address 


3 
2 
Destination 
Address 
0 
Accumulator 
Data 
3 
Op Code Address+2 
1 
Next Op Code 


ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Address of Operand (LSB) 


LDD 
LDS 
4 
,2 
Address of Operand 
1 
Operand Data (MSB) 


LDX 
SUBD 
3 
Address of Operand + 1 
1 
Operand 
Data (LSB) 


4 
Op Code Address+2 
1 
Next Op Code 


STD 
STS 
1 
Op Code Address+ 
1 
1 
Destination 
Address (LSB) 


STX 
4 
2 
Destination 
Address 
0 
Register Data (MSB) 


3 
Destination 
Address + 1 
0 
Register Data (LSB) 


4 
Op Code Address+2 
1 
Next Op Code 


JSR 
1 
Op Code Address + 1 
1 
Jump Address (LSB) 


2 
FFFF 
1 
Restart Address (LSB) 


5 
3 
Stack Pointer 
0 
Return Address (LSB) 


4 
Stack Pointer-1 
0 
Return Address (MSB) 


5 
Jump Address 
1 
First Subroutine 
Op Code 
TIM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 


4 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 
3 
Address of Operand 
1 
Operand Data 
4 
Op Code Address+3 
1 
Next Op Code 


AIM 
ElM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 


OIM 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 


6 
3 
Address of Operand 
1 
Operand 
Data 
4 
FFFF 
1 
Restart Address (LSB) 


5 
Address of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 
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Address 
Mode 
& 
Instructions 


JMP 
1 
Op Code Address+ 
1 
1 
Offset 


3 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Jump 
Address 
1 
First Op Code of Jump Routine 


ADC 
ADD 
1 
Op Code Address + 1 
1 
Offset 
AND 
BIT 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
CMP 
EOR 
4 
3 
IX + Offset 
1 
Operand 
Data 
LOA 
ORA 
4 
Op Code Address + 2 
1 
Next Op Code 
SBC 
SUB 


TST 
STA 
1 
Op Code Address+ 
1 
1 
Offset 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
IX + Offset 
0 
Accumulator 
Data 


4 
Op Code Address+2 
1 
Next Op Code 
ADDD 
1 
Op Code Address+ 
1 
1 
Offset 
CPX 
LDD 
2 
FFFF 
1 
Restart 
Address 
(LSBI 
LOS 
LOX 
5 
3 
IX + Offset 
, 
Operand 
Data (MSBI 
SUBD 
4 
IX + Offset+ 
1 
, 
Operand 
Data (LSB) 


5 
Op Code Address+2 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
Offset 
STX 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
3 
IX + Offset 
0 
Register 
Data (MSB) 


4 
IX + Offset+ 
1 
0 
Register 
Data (LSB) 


5 
Op Code Address+2 
1 
Next Op Code 
JSR 
1 
Op Code Address + , 
1 
Offset 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack 
Pointer 
0 
Return Address 
(LSB) 


4 
Stack 
Pointer - 1 
0 
Return Address 
(MSB) 


5 
IX + Offset 
1 
First Subroutine 
Op Code 


ASL 
ASR 
1 
Op Code Address+ 
1 
1 
Offset 
COM 
DEC 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
INC 
LSR 
6 
3 
IX + Offset 
, 
Operand 
Data 


NEG 
ROL 
4 
FFFF 
1 
Restart 
Address 
(LSB) 
ROR 
5 
IX + Offset 
0 
New Operand 
Data 


6 
Op Code Address+ 
2 
1 
Next Op Code 
TIM 
1 
Op Code Address+1 
1 
Immediate 
Data 


2 
Op Code Address+2 
1 
Offset 


5 
3 
FFFF 
1 
Restart 
Address 
(LSB) 


4 
IX + Offset 
1 
Operand 
Data 


5 
Op Code Address + 3 
, 
Next Op Code 
CLR 
1 
Op Code Address+ 
1 
1 
Offset 


2 
FFFF 
, 
Restart 
Address 
(LSB) 


5 
3 
IX + Offset 
1 
Operand 
Data 


4 
IX + Offset 
0 
00 


5 
Op Code Address+2 
1 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 
OIM 
2 
Op Code Address + 2 
1 
Offset 


3 
FFFF 
1 
Restart 
Address 
(LSB) 


7 
4 
IX + Offset 
1 
Operand 
Data 


5 
FFFF 
1 
Restart 
Address 
(LSB) 


6 
IX + Offset 
0 
New Operand 
Data 


7 
Op Code Address+3 
1 
Next Op Code 
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Address 
Mode & 


Instructions 


JMP 
1 
Op Code Address+ 
1 
1 
Jump Address (MSB) 


3 
2 
Op Code Address+2 
1 
Jump Address (LSB) 
3 
Jump Address 
, 
Next Op Code 


ADC 
ADO 
TST 
1 
Op Code Address+ 
1 
1 
Address of Operand (MSB) 
AND 
BIT 
4 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 
CMP 
EOR 
3 
Address of Operand 
1 
Operand Data 


LOA 
ORA 
4 
Op Code Address+3 
1 
Next Op Code 


SBC 
SUB 


STA 
1 
Op Code Address+ 
1 
1 
Destination 
Address (MSB) 


4 
2 
Op Code Address+2 
1 
Destination 
Address (LSB) 


3 
Destination 
Address 
0 
Accumulator 
Data 


4 
Op Code Address+3 
1 
Next Op Code 


ADDD 
1 
Op Code Address+ 
1 
1 
Address of Operand (MSB) 
CPX 
LDD 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 
LOS 
LOX 
5 
3 
Address of Operand 
1 
Operand 
Data (MSB) 
SUBD 
4 
Address of Operand + 1 
1 
Operand Data (LSB) 


5 
Op Code Address+3 
1 
Next Op Code 


STD 
STS 
1 
Op Code Address+1 
1 
Destination 
Address (MSB) 
STX 
2 
Op Code Address+2 
1 
Destination 
Address (LSB) 


5 
3 
Destination 
Address 
0 
Register Data (MSB) 


4 
Destination 
Address+ 
1 
0 
Register Data (LSB) 


5 
Op Code Address+3 
1 
Next Op Code 


JSR 
1 
Op Code Address+ 
1 
1 
Jump Address (MSB) 


2 
Op Code Address+2 
1 
Jump Address (LSB) 


6 
3 
FFFF 
1 
Restart Address (LSB) 


4 
Stack Pointer 
0 
Return Address (LSB) 


5 
Stack Pointer - 1 
0 
Return Address IMSB) 


6 
Jump Address 
1 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+ 
1 
1 
Address of Operand (MSB) 
COM 
DEC 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 
INC 
LSR 
6 
3 
Address of Operand 
1 
Operand 
Data 


NEG 
ROL 
4 
FFFF 
1 
Restart Address (LSB) 
ROR 
5 
Address of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 


CLR 
1 
Op Code Address+ 
1 
1 
Address of Operand (MSB) 


2 
Op Code Address+2 
1 
Address of Operand (LSB) 
5 
J 
Address of Operand 
1 
Operand Data 
4 
Address of Operand 
0 
00 
5 
O~ Code Address + J 
1 
Next Op Code 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Address 
Mode & 
Instructions 


ABA 
ABX 
1 
Op Code Address+ 
1 
1 
Next Op Code 
ASL 
ASLD 


ASR 
CBA 


CLC 
CLI 


CLR 
CLV 


I 


COM 
DEC 
DES 
DEX 
INC 
INS 


INX 
LSR 
1 


LSRD 
ROL 
ROR 
NOP 
SBA 
SEC 
SEI 
SEV 


TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
DAA 
XGDX 
2 
1 
Op Code Address + 1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


PULA 
PULB 
1 
Op Code Address+ 
1 
1 
Next Op Code 


3 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer + 1 
1 
Data from 
Stack 


PSHA 
PSHB 
1 
Op Code Address+ 
1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Accumulator 
Data 


4 
Op Code Address+ 
1 
1 
Next Op Code 


PULX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer + 1 
1 
Data from 
Stack (MSBI 


4 
Stack 
Pointer + 2 
1 
Data from 
Stack (LSBI 


PSHX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart Address 
(LSB) 


5 
3 
Stack 
Pointer 
0 
Index Register 
(LSB) 


4 
Stack 
Pointer - 1 
0 
Index Register 
(MSB) 


5 
Op Code Address + 1 
1 
Next Op Code 
RTS 
1 
Op Code Address + 1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack 
Pointer + 1 
1 
Return Address 
(MSB) 


4 
Stack 
Pointer + 2 
1 
Return Address 
(LSB) 


5 
Return Address 
1 
First Op Code of Return Routine 
MUL 
1 
Op Code Address+1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
FFFF 
1 
Restart 
Address 
(LSB) 


7 
4 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
FFFF 
1 
Restart 
Address 
(LSB) 


6 
FFFF 
1 
Restart 
Address 
(LSB) 


7 
FFFF 
1 
Restart 
Address 
(LSB) 
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Address 
Mode 
& 


Instructions 


WAI 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return Address 
(LSB) 


4 
Stack 
Pointer - 1 
0 
Return Address 
(MSB) 


9 
5 
Stack 
Pointer - 2 
0 
Index Register 
(LSB) 


6 
Stack 
Pointer - 3 
0 
Index Register 
(MSB) 


7 
Stack 
Pointer-4 
0 
Accumulato~ 
A 
8 
Stack 
Pointer-5 
0 
Accumulator 
B 
9 
Stack 
Pointer-6 
0 
Conditional 
Code Register 


RTI 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer + 1 
1 
Conditional 
Code Register 


4 
Stack 
Pointer + 2 
1 
Accumulator 
B 


10 
5 
Stack 
Pointer + 3 
1 
Accumulator 
A 
6 
Stack 
Pointer + 4 
1 
Index Register 
(MSB) 


7 
Stack 
Pointer + 5 
1 
Index Register 
(LSB) 


8 
Stack 
Pointer + 6 
1 
Return Address 
(MSB) 


9 
Stack 
Pointer + 7 
1 
Return Address 
(LSB) 


10 
Return Address 
1 
First Op Code of Return Routine 


SWI 
1 
Op Code Address+l 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return Address 
(LSB) 


4 
Stack 
Pointer - 
1 
0 
Return Address 
(MSB) 


5 
Stack 
Pointer - 
2 
0 
Index Register 
(LSB) 


12 
6 
Stack 
Pointer - 
3 
0 
Index Register 
(MSB) 
7 
Stack 
Pointer - 4 
0 
Accumulator 
A 


8 
Stack 
Pointer 
- 5 
0 
Accumulator 
B 
9 
Stack 
Pointer - 
6 
0 
Conditional 
Code Register 


10 
Vector 
Address 
FFFA 
1 
Address of SWI Routine (MSBI 


11 
Vector 
Address 
FFFB 
1 
Address of SWI Routine ILSB) 


12 
Address 
of SWI Routine 
1 
First Op Code of SWI Routine 


SLP 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


1 


FFFF 
High Impedance-Non MPX Mode 


4 
Address 
Bus -MPX 
Mode 
Sleep 


j 
I 
3 
FFFF 
Restart 
Address 
(LSB) 


4 
Op Code Address + 1 
Next Op Code 
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Address 
Mode 
& 


Instructions 


BCC 
BCS 
1 
Op Code 
Address+ 
1 
1 
Branch 
Offset 
BEO 
BGE 
3 
2 
FFFF 
1 
Restart 
Address 
(lSB) 
BGT 
BHI 
3 
1Branch Address······Test=·'· 
1 
First Op Code of Branch Routine 


BlE 
BlS 
Op Code Address+ '···Test=·O· 
Next 
Op Code 


BlT 
BMT 


BNE 
BPl 


BRA 
BRN 


BVC 
BVS 


BSR 
1 
Op Code 
Address+ 
1 
1 
Offset 
2 
FFFF 
1 
Restart 
Address 
(lSB) 


5 
3 
Stack 
Pointer 
0 
Return 
Address 
(lSB) 


4 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(MSB) 


5 
Branch 
Address 
1 
First Op Code of Subroutine 


• 
LOW 
POWER 
CONSUMPTION 
MODE 


The HD6301 
VI has two low power 
consumption 
modes; 
sleep 


and standby 
mode. 


• 
SleepMode 
On execution 
of SLP instruction, 
the MCU is brought 
to the 


sleep 
mode. 
In the 
sleep 
mode, 
the 
CPU sleeps 
(the 
CPU clock 


becomes 
inactive), 
but 
the 
contents 
of the 
registers 
in the CPU 


are 
retained. 
In 
this 
mode, 
the 
peripherals 
of CPU 
will remain 


active. 
So 
the 
operations 
such 
as transmit 
and 
receive 
of 
the 


SCI 
data 
and 
counter 
may 
keep 
in operation. 
In 
this 
mode, 
the 
power 
consumption 
is reduced 
to 
about 
1{6 the 
value 
of 


a normal 
operation. 
The 
escape 
from 
this 
mode 
can be done 
by interrupt, 
RES, 


STBY. 
The 
RES resets 
the MCU and the STBY 
brings 
it into 
the 


standby 
mode 
(This 
will be mentioned 
later). 
When interrupt 
is 


requested 
to the 
CPU and 
accepted, 
the 
sleep 
mode 
is released, 
then 
the 
CPU 
is brought 
in the 
operation 
mode 
and jumps 
to 
the 
interrupt 
routine. 
When 
the CPU has masked 
the interrupt, 
after 
recovering 
from 
the 
sleep 
mode, 
the 
next 
instruction 
of 


SLP 
starts 
to 
execute. 
However, 
in such 
a case 
that 
the 
timer 


interrupt 
is inhibited 
on the 
timer 
side, 
the sleep 
mode 
cannot 


be 
released 
due 
to 
the 
absence 
of the interrupt 
request 
to the 


CPU. 


This 
sleep 
mode 
is available 
to 
reduce 
an 
average 
power 
consumption 
in the applications 
of the 
HD6301 
VI 
which 
may 


not be always 
running 
. 


• 
Standby Mode 
Bringing 
STBY 
"Low", 
the 
CPU 
becomes 
reset 
and 
all 


clocks 
of 
the 
HD6301VI 
become 
inactive. 
It 
goes 
into 
the 


standby 
mode. 
This 
mode 
remarkably 
reduces 
the 
power 
con· 
sumptions 
of the HD6301 
VI. 


In 
the 
standby 
mode, 
if 
the 
HD630IVI 
is continuously 


supplied 
with 
power, 
the 
contents 
of 
RAM 
is 
retained. 
The 
standby 
mode 
should 
escape 
by 
the 
reset 
start. 
The 
following 


is the typical 
application 
of this mode. 


First, NMi routine 
stacks 
the MCU's 
internal 
information 
and 


the contents 
of SP in RAM, disables 
RAME 
bit of RAM control 


register, 
sets 
the 
Standby 
bit, 
and 
then 
goes 
into 
the 
standby 


mode. 
If 
the 
Standby 
bit 
keeps 
set 
on 
reset 
start, 
it means 
that 
the 
power 
has 
been 
kept 
during 
standby 
mode 
and 
the 
contents 
of RAM 
is normally 
guaranteed. 
The 
system 
recovery 


may 
be possible 
by returning 
SP and bringing 
into 
the condition 


before 
the 
standby 
mode 
has 
started. 
The 
timing 
relation 
for 
each line in this application 
is shown 
in Figure 
24. 


I 
I 
I 


lST.Y~~ 


I 
I 
I 
I 


I 
I 
I 


~ 
~ 


Stack registers 
RAM control 
'l!'g'Uerwt 


05cillator I 
stabilizing 
lime 
~ 
'eS1~rt 
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• 
ERROR 
PROCESSING 


When the HD6301VI 
fetches an undefined instruction 
or 


fetches an instruction 
from unusable memory area, it generates 


the highest priority 
internal interrupt, 
that may protect 
from 


system upset due to noise or a program error. 


• 
Op-Code 
Error 
Fetching an undefined op-code, the HD630lVI 
will stack the 


CPU register as in the case of a normal interrupt 
and vector to 
the TRAP (SFFEE, SFFEF), that has a second highest priority 
(RES is the highest). 


• 
Acldr •• 
Error 
When an instruction 
is fetched from other than a resident 


ROM, RAM, or an external memory area, the CPU starts the 
same interrupt 
as op-code error. In the case which the instruc- 
tion is fetched from external memory area and that area is not 
usable, the address error cannot be detected. 
The addresses which cause address error in particular mode 


are shown in Table 14. 
This feature is applicable only to the instruction fetch, not to 


normal read/write of data accessing. 


Mode 
0 
1 
2.4 
5 
6 
7 


SOOOO 
SOOOO 
SOOOO 
SOOOO 
SOOOO 
SOOOO 


I 
I 
I 
I 
I 
I 


Address 
SOOIF 
SOOIF 
SOOIF 
S001F 
SOOIF 
S001F 


S0200 
SOIOO 


I 
I 


SEFFF 
SEFFF 


Transitions 
among the active mode, sleep mode, standby 


mode and reset are shown in Fig. 26. 


Figures 27, 28, 29 and 30 shows a system configuration. 
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VEer 
RIN 
A 
FFFE·FFFF 
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Figure 26 
Transitions 
among Active Mode, Standby 
Mode, 


Sleep Mode, and Reset 


"cc 
"cc 


En.ble 
En.blt 


c:::J 
NMi 
c:::J 
"MI 


iRQ, 
ilfll", 


Por13 
STaY 


REs 
8 Transltr 
FlEs 
Lint, 


Pori 
1 
HD6301Vl 
POrt 1 
8110 
8 1/0 
Lints 
Lln •• 


Port. 
POrt 2 
POll 2 
Port. 


8110 
lints 
!> I/O Lint, 
SI/O 
Lln" 
8 I/O Lints 


sCI 
SCI 


16 elt Tlm.r 
16 Bit Tun,r 


"55 
"55 


Figure 27 
HD6301Vl 
MCU Single·Chip 
Dual Processor Configuration 
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Figure 28 
HD6301Vl 
MCU Expanded Non-Multiplexed 
Mode 


(Mode 51 
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• 
PRECAUTION 
TO 
THE 
BOARD 
DESIGN 
OF 
OSCILLA- 
TION 
CIRCUIT 
As shown in Fig. 31, there is a case that the cross talk dis- 


turbs 
the 
normal 
oscillation 
if signal lines are put near the 
oscillation 
circuit. When designing a board, 
pay attention 
to 
this. Crystal and CL must be put as near the HD630lVI 
as 
possible. 


r-20mmmax--1 


~ ~ 
ii 
Ii 
~ 
ij, 
(;) 
iii 


, 


~. 
0 
1 
2.4 
5 
6 
7 
Pin 


Function 
I/O Port 
lower Address Bus 
1/0 Port 
~ 
~ 
~ 
Port 
1 


PIO-PI1 
Condition 
Keep the condition 
Output 
"t" 
Keep the condition 
~ 
~ 
~ 


just before sleep 
just before sleep 


Function 
I/O Port 
~ 
~ 
~ 
~ 
~ 
Port 2 
p,o-p,. 
Condition 
Keep the condition 
~ 
~ 
~ 
~ 
~ 
just before sleep 


E: Lower 
Address 
E; lower 
Addren 
E: Lower Address 


Function 
Bus 
Data 8us 
Bus 
Data Bus 
Bus 
1/0 Port 
Port 3 
E: Data Bus 
E: Data Bus 
E: Data Bus 


P30-P)"l 


E: Output 
"," 
E: Output 
"'" 
E: Output 
"," 
Keep the condition 
Condition 
E: High Impedance 
High Impedance 
E: High Impedance 
High Impedance 
E: High Impedance 
just before sleep 


Function 
Upper Address 
~ 
~ 
Lower Address Bus 
Upper Address Bus 
1/0 Port 
or I"put 
Port 
or Input 
Port 


Port 4 
Address 
Bus: Out· 


p.• -p .•, 
put "," 
Keep the con~ition 
Condition 
Output "1" 
~ 
~ 
Port: Keep the can· 
~ 
just before slnp 
dition just before 
sleep 


SC2 
Output "1" 
~ 
~ 
~ 
~ 
Output 
"," 
(Reid Condition~ 


SCI 
Output Address 
~ 
~ 
Output 
"I" 
Output Address 
Input Pin 
Strobe 
Strobe 
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~ 


0 
1 
2,4 
5 
6 
7 
Pin 


Port 
1 


PIO 
- 
P,7 
high impedance 
(input! · 
• 
• 
· 
• 


Port 
2 
high impedance 
(input! 
P,o - 
P,. 
· 
.• 
• 
· 
. 


Port 
3 
E: "1" 
output 
E: "1" 
output 
E :"1" 
output 


E: "1" outputlNOle) 
high impedance 
INolel 
high impedance 
E: "1" 
output'INOUI 
high impedance 
P30 
- 
P37 
(high 
impedance) 
E: "1" 
output 
(high impedance) 
(input) 
(high impedance) 


Port 
4 
high impedance 


P40 
- 
P47 
(input! 
· 
· 
. 
• 
. 


SC, 
"1" 
output 
(READ) 
· 
• 
· 
· 


"1" 
output 


SC1 
E:"1"output 
· 
· 
"1" 
output 
E: "1" 
output 
high impedance 


E: high impedance 
E: high impedance 
(input) 


[Note] 
In mode 0, 2, 4, 6, port 3 is set to "1" output state during E = "1" and it causesthe conflict with the output of external memory. Follow- 
ing 1 and 2 should be done to avoid the conflict; 
(1) 
Construct 
the system 
that 
disables 
the external 
memory 
during 
reset. 


(2) Add 4.7kn 
pull-down 
resistance to the sel 
pin (AS) to make sel 
pin "0" 
level during E = "1". 


This operation 
makes port 3 high impedance state. 


• 
PIN 
CONDITIONS 
AT 
SLEEP 
AND 
STANDBY 
STATE 


• 
Sleep State 
The 
conditions 
of power 
supply 
pins, 
clock 
pins, 
input 
pins 


and 
E clock 
pin 
are 
the 
same 
as those 
of operation. 
Refer 
to 


Table 
15 for the other 
pin conditions. 


• 
Standby 
State 
Only 
power 
supply 
pins 
and 
STBY 
pin 
are active. 
As for the 


clock 
pin 
EXTAL, 
its input 
is fixed 
internally 
so the MCU 
is 
not 
influenced 
by 
the 
pin conditions. 
XTAL 
is in "I" 
output. 


All the other 
pins are in high impedance. 


• 
DIFFERENCE 
BETWEEN 
HD6301VO 
and HD6301V1 


The 
HD630lVI 
is an upgraded 
version 
of 
the HD630IVO. 


The 
difference 
between 
HD630 
I VO and 
HD630 
IV I is shown 


in Table 
17. 


Item 
HD6301VO 
HD6301V1 


Operating 
Mode 2: Expanded 


Mode 2: Not defined 
Multiplexed 
Mode 
Mode 
(Equivalent 
to Mode 4) 


Electrical 
The electrical 
character- 
Some 
characteristics 


istics of 2MHz version 
are improved. 
Character- 
(6 versionl 
are not 
speci- 
The 2MHz 
version 
is 
istics 
lied. 
guaranteed. 


Has problem 
in output 


Timer 
compare function. 
The problem 
is solved. 
(Can be avoided 
by soft- 


ware.) 


• 
APPLICATION 
NOTE 
FOR 
HIGH 
SPEED 
SYSTEM 


DESIGN 
USING 
THE 
HD6301V1 
This 
note 
describes 
the 
solutions 
of 
the 
potential 
problem 
caused 
by noise 
generation 
in the 
system 
using 
the HD630lVI. 


The 
CMOS 
ICs and LSls featured 
by low power 
consumption 


and high 
noise 
immunity 
are generally 
considered 
to be enough 
with 
simply 
designed 
power 
source 
and the GND line. 


But 
this 
does 
not 
apply 
to 
the 
applications 
configured 
of 


high 
speed 
system 
or of high 
speed 
parts. 
Such 
high 
speed 
sys- 
tem 
may 
have 
a chance 
to 
work 
incorrectly 
because 
of 
the 


noise 
by 
the 
transient 
current 
generated 
during 
switching. 


The 
noise 
generation 
owing 
to 
the 
over 
current 
(Sometimes 


it may 
be several 
hundreds 
mA for peak level.) 
during 
switching 


may cause 
data 
write 
error. 


This 
noise 
problem 
may 
be observed 
only 
at the 
Expanded 


Mode 
(Mode 
I, 
2,4, 
5 and 
6) 
of 
the 
HD6301VI. 
The 
Single 


Chip 
Mode 
(Mode 
7) of the 
HD630lVl 
has no such a problem. 


I. 
Noise Occurrence 
If the 
HD6301 
VI 
is connected 
to high 
speed 
RAM, 
a write 


error 
may 
occur. 
As shown 
in Fig. 33, 
the noise 
is generated 
in 
address 
bus during 
write 
cycle 
and 
data 
is written 
into 
an unex- 
pected 
address 
from 
the 
HD630 
IV I. This 
phenomenon 
causes 


random 
failures 
in 
systems 
whose 
data 
bus 
load 
capacitance 


exceeds 
the 
specification 
value 
(90 pF max.) 
and/or 
the 
impe- 
dance 
of the GND line is high. 
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E 
\ 
/ 
\ 


AS 
/ 
\ 
I 


RfW 
\ 
I 
(SC.I 


A.-Au 
X 
X 


(Port 
4) 
A"---- 
Noise 


00-0, 


< 
----'X 
>- 
(Port 
3) 


Fig. 33 Noise Occurrence in address bus during write cycle 


If the data bus Do - 
D7 changes from "FF" 
to "00", ex- 
tremely large transient 
current 
flows through 
the GND line. 


Then the noise is generated on the LSI's Vs; pins proportioning 
to the transient current and to the impedance [Zg] of the GND 
line. 


I 
IHD63~2 


Vn: 
Noise Voltage 
Z9: 
GND Impedance 
Cd: 
Data bus load capacitance 
N: 
Number of data bus lines switching from H to L 


This noise level, Vn, appears on all output pins on the LSI 


including the address bus. 


Fig. 35 shows the dependency 
of the noise voltage on the 


each parameter. 


II. Noise Protection 
To avoid the noise on the address bus during the system 
operation mentioned 
before, there are two solutions as follows: 


The one method is to isolate the HD630 IV I from peripheral 


devices so that peripherals are not affected by the noise. The 
other is to reduce noise level to the extent of not affecting peri- 
pherals using analog method. 


1. Noise Isolation 
Addresses should 
be latched 
at the negative edge of the 


AS signal or at the positive edge of the E signal. The 74LS373 
is often used in this case. 
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2. Noise 
Reduction 


As the 
noise 
level 
depends 
on each 
parameter 
such Cd, Vcc, 


Zg, the 
noise 
level can be reduced 
to the allowable 
level by con- 


trolling 
those 
analog 
parameters. 


(a) 
Transient 
Current 
Reduction 


(I) 
Reduce 
the 
data 
bus load 
capacitance. 
If large 
load 
capacitance 
is expected, 
a bus buffer 
should 
be in· 


serted. 
(2) 
Lower 
the power 
supply 
voltage 
Vcc within 
specifi- 
cation. 


(3) 
Increase 
a time 
constant 
at transient 
state 
by insert- 
ing a resistor 
(l00 
- 
200n) 
to Data 
Buses 
in series 


to keep noise 
level down. 


Table 
18 shows 
the 
relationship 
between 
a series 


resistors 
and 
noise 
level 
or 
a resistor 
and 
DC/AC 
characteristics. 


Resistor 


Item 
No 
lOOn 
200n 


Noise Voltage 
Level 
See Fig. 36 


DC Characteristics 
IOL 
1.6 mA 
1.6mA 
1.0mA 


f 
1 MHz 
No change 


AC 
tADL 
190 ns 
190 ns 
210 ns 
Charac- 
f=1.5MHz 
tACCM 
395 ns 
395 ns 
375 
ns 
teristics 


tADL 
160 ns 
180 ns 
200 ns 


f = 2 MHz 
tASL 
20 ns 
20 ns 
o ns 


tACCM 
270 
ns 
250 ns 
230 
ns 


Fig. 
36 
shows 
an example 
of 
the 
dependency 
of the 
noise 


voltage 
on the load capacitance 
of the data bus.' 


~ 


Maximum 
allowed 
) 


load capacitance of 
the HD6301Vl 
Cd = 90 pF 
specification 
~ 


Vcc=5.0V 
Ta = 2SoC 
Zg = 0 
N=8 
o>11.0 


o>~ 
'0z 0.5 


08~: 
R=O 
_£ 
~ 
:____ 
R=100n 


~R=200n 


~ 


~~ng 
; 


V~ 


I 
I 
--:Dt""' 
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(b) 
Reduction 
of GND line impedance 


(I) 
Widen 
the GND line width 
on the PC board. 
(2) Place theHD630lVI 
close 
by power 
Source . 


(3) Insert 
a bypass 
capacitor 
between 
the 
VCC line and 
the 


GND 
of 
the HD6301Vl. 
A tantalum 
capacitor 
(about 


O.lj.lF) 
is effective 
on the reduction. 


• 
RECEIVE 
MARGIN 
OF 
THE 
SCT 
Receive 
margin 
of 
the 
SCI 
contained 
in 


shown 
in Table 
19. 
Note: 
SCI = Serial Communication 
Interface 


Bit distortion 
tolerance 
(t-tol/to 


Character 
distortion 
tolerance 
(T-Tol/To 


+3.75% 
-2.5% 
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HD6301 XO ,HD63A01 XO ,--- 
HD63B01XO 
CMOS MCU (Microcomputer 
Unit) 


The 
HD630 
IXO is a CMOS 
single-chip 
microcomputer 
unit 


(MCU) 
which 
includes 
a CPU compatible 
with 
the 
HD6301Vl, 
4k 
bytes 
of 
ROM, 
192 
bytes 
of 
RAM, 
53 parallel 
I/O pins, 
a 
Serial Communication 
Interface 
(SCI) and two timers 
on chip. 


HD6301XOP, 
HD63A01XOP, 
HD63B01XOP 


• 
FEATURES 
• 
Instruction 
Set Compatible 
with 
the HD6301Vl 


• 
Abundant 
On-ehip 
Functions 
4k Bytes 
of ROM, 192 Bytes 
of RAM 


53 Parallel 
I/O Ports 


16-Bit 
Programmable 
Timer 


8-Bit 
Reloadable 
Timer 
Serial Communication 
Interface 


Memory 
Ready 
Halt 
Error-Detection 
(Address 
Trap, 
Op Code Trap) 


• 
Interrupts 
... 
3 External, 
7 Internal 


• 
Operation 
Mode 
Mode 
1 
Expanded 
(Internal 
ROM Inhibited) 


Mode 2 
Expanded 
(Internal 
ROM Valid) 


Mode 
3 
Single-chip 
Mode 


• 
Low Power 
Dissipation 
Mode 
Sleep 
Standby 
• 
Wide Range 
of Operation 


VCC = 3 - 
6V 
(f = 0.1 - 
0.5MHz), 


VCC = 5V±10%( 
f = 0.1 - 
1.0MHz 
f = 0.1 - 
1.5MHz 
f = 0.1 - 
2.0MHz 


HD6301XO 
) 
HD63A01XO 
HD63B01XO 
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• 
PIN ARRANGEMENT 


• 
HD6301XOP. 
HD63A01XOP. 
HD63B01XOP 


v•• 
0 


XTAl 
'10 
EXTAl 
J 
PH 


MPo 
P" 
MP, 
'1) 
JiES 
PH 
STBY 
1 
1')0 
NMi 
PI' 
Pzo 
, 
Pu 
Pt, 
Pu 
Pn 
1 
P,. 
Pn 
Pu 


P", 
PM 
Pu 
1 PH 
I'll 
1"0 


P" 
1'" 
~ 
1"1 


1'" 
I'u 
Pu 
1"4 


Pn 
'11 


p•• 
1 
P" 


~ 
1"1 


PM 
Vu 


P., 
1 PM) 


1'10 
p•• 
1',. 
'.2 


Pn 
'.) 
P" 
PM 
PM 
1'., 


~I 
p~ 


1'•• 
I 
'.J 
p" 
,...V,, 


(Top View) 


• 
BLOCK 
DIAGRAM 


t'NlTinl 
",.(Toutll 


P'u(SCLKI 
'"o(tbl 


P·04"fIrl 
"nfTout21 
'NIT0lA31 


I"n(TClKI 


Vu--- 
V. 
_ 


V. 
_ 


I 


P'.,.(Ma";J 
' ••IIRb, 
"~M,q 
I"ulRm'l 
I 
'-'-'- 
. 
'" 
I 


'. 
'"'- 
g 
'.,- 
I 
I 
'.'-'" 


! 
~ ~ 
! ! 
I I 
,,,,liiI 


""JWtIj 
'n/f4!R 


t''1tCTJ1 
',./8A 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee 
-0.3 - 
+7.0 
V 


Input Voltage 
Vin 
-0.3 - 
Vee+0.3 
V 


Operating Temperature 
Topr 
0-+70 
°c 


Storage Temperature 
T ••• 
-55-+150 
°c 


(NOTE) 
This product 
has protection 
circuits in input terminal 
from 
high static electricity 
voltage and high electric field. 


But be careful not to apply overvoltage 
more than maximum 
ratings to these high input impedance protection 


circuits. To assure the normal operation, 
we recommend 
Vin. 
Vout: 
VSS ~ (Vin or Vout) 
~ VCC' 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC = 5.0V±10%, 
Vss = OV, Ta = 0-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES,STBY 
Vee-0.5 
- 


Input "High" 
Voltage 
EXTAL 
V'H 
VeexO.7 
- 
Vee 
V 
+0.3 


Other Inputs 
2.0 
- 


Input "Low" 
Voltage 
All Inputs 
V'L 
-0.3 
- 
O.B 
V 


Input Leakage Current 
NMI, RES, STBY, 
II;nl 
V'n = 0.5-Vee-0.5V 
- 
- 
1.0 
J1.A 
MPo, MPJ, 
Port 5 


Three State (off·state) 
Ports 1,2,3,4,6,7 
IITS'! 
V'n = 0.5-Vee-0.5V 
- 
- 
1.0 
J1.A 
Leakage Current 


IOH - -200J1.A 
2.4 
- 
- 
V 
Output 
"High" 
Voltage 
All Outputs 
VOH 
IOH - -10J1.A 
Vee-0.7 
V 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
IOL = 1.6mA 
- 
- 
0.4 
V 


Darlington 
Drive 
Ports 2, 6 
-loH 
Vout = 1.5V 
1.0 
- 
10.0 
mA 
Current 


Input Capacitance 
All Inputs 
Gin 
V,n = OV, f = lMHz, 
- 
- 
12.5 
pF 
Ta = 25°C 


Standby Current 
Non Operation 
ISTB 
- 
3.0 
15.0 
J1.A 


Sleeping (f = lMHz"") 
- 
1.5 
3.0 
mA 


ISLP 
Sleeping (f = 1.5MHz"") 
- 
2.3 
4.5 
mA 


Current Dissipation" 
Sleeping (f = 2MHz"") 
- 
3.0 
6.0 
mA 


Operating (f - 1MHz"") 
- 
7.0 
10.0 
mA 


Ice 
Operating (f = 1.5MHz"") 
- 
10.5 
15.0 
mA 


Operating (f = 2MHz"") 
- 
14.0 
20.0 
mA 


RAM Standby Voltage 
VRAM 
2.0 
- 
- 
V 


·V1H 
min" 
vcc-1.OV, 
V1L max::: a.BV 
(All output 
terminals are at no load.) 


•• Current 
Dissipation 
of the operating or sleeping condition 
is proportional 
to the operating 
frequency. 
So the typo or max. 


values about Current 
Dissipations at x MHz operation 
are decided according to the following 
formula; 


typo value 
If 
G x MHzl 
• typo value 
If; 
1MHz) 
x x 


max. value 
(f = x MHz) 
D max. value 
(f = 1MHz) 
x x 


(both the sleeping and operating) 
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Test 
HD6301XO 
HD63A01XO 
HD63B01XO 
Item 
Symbol 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
jJ.S 


Enable Rise Time 
tE, 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Fall Time 
tEl 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Pulse Width 
"High" 
Level' 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Level' 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address, 
Rm 
Delay Time' 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Data Delay Time 
I Write 
tDDW 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Set·up Time 
I Read 
tDSA 
80 
- 
- 
70 
- 
- 
70 
- 
- 
ns 
Fig.l 


Address, RIW Hold Time' 
tAH 
80 
- 
- 
50 
- 
- 
35 
- 
- 
ns 


Data Hold Time 
I Write' 
tHW 
80 
- 
- 
50 
- 
- 
40 
- 
- 
ns 


I Read 
tHA 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 


RD, WR Pulse Width' 
PWAW 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


RD, WR Delay Time 
tRWD 
- 
- 
40 
- 
- 
40 
- 
- 
40 
ns 


110, WR Hold Time 
tHAW 
- 
- 
30 
- 
- 
30 
- 
- 
25 
ns 
erR Delay Time 
tDLA 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


ITR Hold Time 
tHLA 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


MR Set·up Time' 
tSMA 
400 
- 
- 
280 
- 
- 
230 
- 
- 
ns 


MR Hold Time' 
tHMA 
Fig.2 
- 
- 
90 
- 
- 
40 
- 
- 
0 
ns 


E Clock PuIse Width 
at M R 
PWEMA 
- 
- 
9 
- 
- 
9 
- 
- 
9 
JlS 


Processor Control 
Set-up Time 
tpcs 
Fig. 3, 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
10,11 


Processor Control 
Rise Time 
tpcr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


Processor Control 
Fall Time 
tpCl 
Fig. 2,3 
100 
100 
100 
- 
- 
- 
- 
- 
- 
ns 


BA Delay Time 
tSA 
Fig.3 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Oscillator 
Stabilization 
Time 
tAC 
Fig.ll 
20 
- 
- 
20 
- 
- 
20 
- 
- 
ms 


Reset Pulse Width 
PWAST 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tcyc 


Item 
Symbol 
Test 
HD6301XO 
HD63A01XO 
HD63B01XO 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral 
Data 
Ports 2, 3, 5, 6 
tpDSU 
Fig.5 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Set-up Time 


Peripheral 
Data 
Ports 2, 3, 5, 6 
tpDH 
Fig.5 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Hold Time 


DelayTime 
(Enable 
I Ports 1 2 
Fig.6 
300 
Negative Transition 
to 
3 4 6'7 
' 
tpwD 
- 
- 
- 
- 
300 
- 
- 
300 
ns 


Peripheral 
Data Valid) 
'" 


~HITACHI 


Hitachi America Ltd.• 
2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Test 
HD6301XO 
HD63A01XO 
HD63B01XO 
Unit 
Item 
Symbol 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 
1 Input 
Pulse Width 
tpwT 
Fig.8 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tCyc 


Delay Time (Enable Positive 
tTOD 
Fig. 7 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer 
Output) 


SCI Input 
I 
Async. Mode 
Fig.8 
1.0 
- 
- 
1.0 
- 
- 
1.0 
- 
- 
tcyC 
Clock Cycle 
I 
Clock Sync. 


tScyc 
Fig. 4, 8 
2.0 
- 
- 
2.0 
- 
- 
2.0 
tcyc 


SCI Transmit 
Data Delay 
tTXD 
- 
- 
200 
- 
- 
200 
- 
- 
200 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Set-up 
tSRX 
Fig.4 
290 
- 
- 
290 
- 
- 
290 
- 
- 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Hold Time 
tHRx 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
(Clock Sync. Mode) 
. 
SCI Input 
Clock Pulse Width 
tPWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tscyc 


Timer 2 Input 
Clock Cycle 
ttcyc 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 
Timer 
2 Input 
Clock Pulse 


tPWTCK 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Width 
Fig.8 


Timer 
1-2, SCI Input 
Clock 
tCKr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Rise Time 


Timer 
1-2, SCI Input 
Clock 
tCKf 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Fall Time 
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t,,, 


PWEl 
PWEH 


a.BV 


tAD 
tE, 
tEl 
tAH 


2.4V 


a.BV 


tRWO 
PWRW 


2.4V 


a.BV 


toow 


\ 
\ 
\\.._--- 
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Last Instruction 
Execution Cycle 
I 


I MCUWrite 


P20-P27 
P50-P57 
2.0V 


P80-P670.8V 
(Inputs) 


P30-P37 
(Inputs) 


PlO-P17, 
P20-P27 


P30- 
P37, 
P40- 
P47 


P60-P67. 
P70-P,. 
(Outputs) 
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P21, 
P2, 


Outputs - 
_ 


•• 
Timer 
1; tPWT 
Timer 2; tPWTCK 
SCI 
;tPWSCK 


Vcc 
1Fi 


RL=2.2kQ 


Test Point 
lS2074e 


C 
R 
or Equiv. 


C=90pF 
for Port 1, Port 3, Port 4, E 
= 30pF for Port 2, Port 6, Port 7 
R= 12kQ for Port 1-Port 
4, Port 6, Port 7, E 


Op Code Op Code 
FFFF 
SP 
SP-l 
SP-2 
SP·3 
5P-4 
SP-5 
SP-6 
ector 
Vector 
New 


Addr.ss 
Address + 1 
MS8 
LS8 
PC 


Address 
Address 
Address 


1'C. 


op 
Operand 
Irrelevant 
PCO- ~g5 
IXO- 
IX8- 
ACCA 
ACea 
CCR 
Vector 
VectOf" First Inst. 
of 


Code Op Code Data 
PC] 
IX] 
IX1S 
MS8 
LS8 
Interrupt 
Routine 


\ 
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4 ~V 
:-l~"""'--" 
lice 
: 
'IllC 
y,oe 


Vcc-oSV 
t~ 
vcc' •.•.o-S-v----- 


SiiY 
• 
''''cs 
t,.c~ 


I 


"'cc-Q·Sv 


••••----<1- 
----0 
0811 
~f 
•..•------ 


~'''"''_)\\\\\\\\\\\\\a 


W""" _~I\\\\.\\.\ 


om .~II\\II\\\\\\\\1\\11I1 


"" _11§§\\\\\\\\\~\\t1 


WR _:\\\\\\II\\\\\I~\\\~\" 


::=::xY-r-'1 


'--V-V-V"C:TD-i~J 


I~r---r-JJ 


~u .>§\)\\\\\I\\\\\\\\\\i\\\\\I\I\\\\\)------------<(}-O--{}; 
PC8- 
PCO- 
First 
petS 
PC7 
Instruction 


• 
FUNCTIONAL 
PIN DESCRIPTION 


• 
VCC, Vss 
Vcc and Vss provide power to the MCU with 5V±1O% sup- 


ply_ In the case of low speed operation (fmax = 500kHz), the 
MCU can operate with three through six volts. Two Vss pins 
should be tied to ground. 


• 
XTAL,EXTAL 
These two pins interface with an AT-wt parallel resonant 


crystal. Divide-by-four 
circuit 
is on chip, so if 4MHz crystal 


oscillator is used, the system clock is IMHz for example. 
EXTAL pin can be drived by the external clock of 45 to 55% 


duty, and one fourth frequency of the external clock is produc- 
ed in the LSI. The external clock frequency should be less than 


AT Cut Parallel Resonant Crystal Oscillator 
Co=7pF 
max 


Rs=60Q 
max 


Cll = CL2 
= fOpF - 22pF± 
20% 


(32-8MHz) 


four times of the maximum 
operable 
frequency. 
When using 


the external clock, XTAL pin should be open. Fig. 12 shows an 
example 
of the 
crystal interface. 
The crystal and ClI, 
CL1 
should be mounted 
as close as possible to XTAL and EXTAL 
pins. Any line must not cross the line between the crystal oscil- 
lator and XTAL, EXTAL. 


• 
STBY 
This pin makes the MCU standby mode. In "Low" level, the 
oscillation 
stops and the internal 
clock is stabilized to make 
reset condition. 
To retain· the contents 
of RAM at standby 


mode, 
"0" 
should be written 
into RAM enable bit (RAME). 


RAME is the bit 6 of the RAM/port 5 control register at $0014. 
RAM is disabled by this operation 
and its contents is sustained. 


Refer 
to 
"LOW POWER DISSIPATION 
MODE" for the 
standby mode. 


• 
Reset (RES) 
This pin resets the MCU from power OFF state and provides 


a startup 
procedure. 
During power-on, RES pin must be held 


"Low" level for at least 20 ms. 


The CPU registers (accumulator, 
index register, stack pointer, 


condition 
code register except 
for interrupt 
mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 


To reset the MCU during operation, 
RES should be held 
"Low" 
for at least 3 system-dock 
cycles. At the 3rd cycle 
during "Low" level, all the address buses become "High". When 
RES remains "Low", 
the address buses keep "High". 
If RES 
becomes "High", the MCU starts the next operation. 
(I) 
Latch the value of the mode program pins;MPo and MP._ 


(2) Initialize each internal register (Refer to Table 5). 
(3) Set the interrupt 
mask bit. For the CPU to recognize the 
maskable interrupts 
IRQ. , IRQ, and IRQ" 
this bit should 
be cleared in advance. 
Put the contents (= start address) of the last two addresses 
(4) 
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(SFFFE, 
SFFFF) 
into the program counter 
and start the 


program from this address. (Refer to Table I). 


• 
The MCU is unable to accept a reset input until the clock 
becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MCU and I/O pins are undefined. Please 
be aware of this for system designing. 


• 
Enable IE) 
This pin provides a TTL-compatible system clock to external 


circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 


• 
Non-Maskable Interrupt (NMI) 
When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned 
below, the instruction 
being 


executed at NMI signal detection will proceed to its completion. 
The interrupt 
mask bit of the condition 
code register doesn't 


affect non-maskable interrupt at all. 
When starting the acknowledge to the NMI, the contents of 


the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from SFFFC and SFFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine. 


(Note) 
After reset start, the stack pointer should be initialized on an 


appropreate 
memory area and then the falling edge be input to 


NMlpin. 
• 
Interrupt Request (IRQ" 
IRQ,) 
These 
are 
level-sensitive 
pins 
which 
request 
an internal 


interrupt 
sequence to the CPU. At interrupt 
request, the CPU 


will complete the current instruction before its request acknowl- 
edgement. 
Unless the 
interrupt 
mask in the condition 
code 


register is set, the CPU starts an interrupt 
sequence; if set, the 


interrupt 
request will be ignored. When the sequence starts, the 


contents 
of the program counter, 
index register, accumulators 


and condition 
code register will be saved onto the stack, then 


the CPU sets the interrupt 
mask bit and will not acknowledge 


the mask able request. During the last cycle, the CPU fetches 
vectors depicted in Table I and transfers their contents to the 
program counter and branches to the service routine. 
The CPU uses the external interrupt 
pins, IRQ, 
and IRQ" 


also as port pins P,50and PSI, so it proVides an enable bit to 
Bit 0 and 1 of the RAM port 5 control register at SOOI4. Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 


When one of the internal interrupts, 
ICI, OCI, TOI, CMI or 


SIO is generated, 
the CPU produces 
internal interrupt 
signal 


(IRQ,). 
IRQ, functions just the same as IRQ, or IRQ, except 


for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 


Vector 
Priority 
Interrupt 
MSB 
lSB 
Highest 
FFFE 
FFFF 
RES 
FFEE 
FFEF 
TRAP 
FFFC 
FFFD 
NMI 
FFFA 
FFFB 
SWI (Software Interrupt) 
FFFB 
FFF9 
IRQ, 


FFF6 
FFF7 
ICI 
(Timer 1 Input Capture) 
FFF4 
FFF5 
OCI (Timer 1 Output Compare 1, 2) 
FFF2 
FFF3 
TOI (Timer 1 Overflow) 
FFEC 
FFED 
CMI (Timer 2 Counter Match) 
FFEA 
FFEB 
IRQ, 


lowest 
FFFO 
FFF1 
SIO (RDRF+ORFE+TDRE) 
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Each Register's Interrupt 
Enable 
Flag 


"1"; Enable, 
"0"; Disable 


eMF 


RDRF 


Condition 
Code 
Register 
I-MASK 


"O";Enable 
"''';Di5abl 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 


• 
Memory Ready (MR; P52) 
This is the input control signal which stretches the system 


clock's "High" 
period to access low-speed memories. During 
this signal is in "High", 
the system clock operates in normal 


sequence. But this signal in "Low", 
the "High" period of the 


system clock will be stretched 
depending on its "Low" 
level 
duration in integral multiples of the cycle time. This allows the 
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• 
Mode Program (MPo, MPtl 
These two pins decide the operation mode_ Refer to "MODE 


SELECTION" for mode details. 


The following signal descriptions are applicable only for the 


expanded mode_ 
• 
ReadlWrite (R!W; P72) 
This signal, usually be in read state ("High"), shows whether 


the 
CPU is in read ("High") 
or write ("Low") 
state to the 


peripheral 
or memory 
devices. This can drive one TTL load 


and 30pF capacitance_ 


• 
RD,WR 
(PlO,P7I) 


These signals show active low outputs 
when the CPU is 


reading/writing 
to the peripherals 
or memories. This enables 


the CPU easy to access the peripheral LSI with RD and WR 
input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 


• 
Load Instruction Register (L1R; P731 
This signal shows the instruction 
opecode 
being on data 


bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 


CPU to interface with low-speed memories (See Fig. 2). Up to 
91ls can be stretched. 
During internal 
address space access or nonvalid memory 
access, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as P52, an enable 
bit is provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to "RAM/PORT 
5 CONTROL REGISTER" 
for 
more details. 


• 
Halt (HALT; P,,) 
This is an input control signal to stop instruction execution 
and to release buses. When this signal switches to "Low", 
the 


CPU stops to enter 
into the halt state after having executed 
the present instruction_ When entering 
into the halt state, it 
makes BA (P",) "High" and also an address bus, data bus, RD, 
WR, R/W high impedance. 
When an interrupt 
is generated 


in the halt state, the CPU uses the interrupt 
handler after the 


halt is cancelled. 
(Note) 


Please don't 
switch the HALT signal to "Low" 
when the 


CPU executes the WAI instruction 
and is in the interrupt 
wait 
state to avoid the trouble of the CPU's operation after the halt 
is cancelled. 


• 
Bus Available (BA; P7.) 
This is an output 
control signal which is normally 
"Low" 


but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 
make BA "High" and release the 


buses at WAI execution, 
while the HD630IXO doesn't 
make 
BA "High" under the same condition. But if the HALT becomes 
"Low" when the CPU is in the interrupt wait state after having 
executed the WAI, the CPU makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 


• 
PORT 
The HD630lXO provides seven I/O ports (six 8-bit ports and 


a 5-bit port). Table 2 gives the address of ports and the data 
direction register and Fig. 14 the block diagrams of each port. 


Port 
Port Address 
Data Direction Register 


Port 1 
$0002 
- 
Port 2 
$0003 
$0001 


Port 3 
$0006 
$0004 


Port 4 
$0007 
- 
Port 5 
$0015 
- 
Port 6 
$0017 
$0016 


Port 7 
$0018 
- 


• 
Port 1 
An 8-bit port for output only. In mode 3, port I goes to high 
impedance during reset and keeps the state even after accepting 
reset cancellation. 
It continues 
till a write operation 
is made 


to port I. When a write operation is made to port I, the high 
impedance state shifts to the output state and the written data 
will be output. 
Once port I gets in the output state, it operates 


as an output till reset occurs. The CPU can also read the value of 
the Port I data register, thus enables the CPU to use bit mani- 
pulation. 


In mode I and 2, port 
I acts as lower address buses. This 


port can drive one TTL load and 90pF capacitance . 
• 
Port 2 
An 
8·bit 
input/output 
port. 
The 
data 
direction 
register 


(DDR) of port 2 controls the I/O state. It provides two bits; bit 
o decides the I/O direction of P20 and bit I the I/O direction of 
P21 to P27 ("0" for input, "1" for output). 
Port 2 is also used as an I/O pin for the timers and the 


SCI. When used as an I/O pin for the timers and the SCI, port 
2 except 
P20 
automatically 
becomes an input or an output 


depending 
on their functions 
regardless of the data direction 


register's value. 


A reset clears the DDR of port 2 and configures port 2 as an 


input port. This port can drive one TTL and 30pF capacitance. 
In addition, it can produce 
ImA current when Vout = 1.5V to 


drive directly the base of Darlington transistors. 
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• 
Port 3 
An 8-bit 
I/O port. 
The DDR of port 
3 controls 
the I/O state. 


It provides 
only 
one 
bit 
which 
decides 
I/O 
state 
by 
the 
byte 


("0" 
for 
input 
and 
"I" 
for output). 
It is cleared 
during 
reset. 


Port 
3 can drive one TTL 
load and 90pF 
capacitance. 


• 
Port 4 
An 8-bit 
port 
for output 
only 
like Port 
1. In mode 
1 and 2, 
"High" 
address 
will be produced. 


• 
Port 5 
An 8-bit 
port 
for 
input 
only. 
The 
lower 
four 
bits 
are 
also 


usable 
as input 
pins for interrupt, 
MR and HALT. 


• 
Port 6 
An 
8-bit 
I/O 
port. 
This 
port 
provides 
an 
8-bit 
DDR 
corre- 


sponding 
to 
each 
bit 
and 
can 
specify 
input 
or output 
by 
the 


bit 
("0" 
for 
input, 
"I" 
for 
output). 
This 
port 
can 
drive 
one 


TTL 
load 
and 
30pF 
capacitance. 
A reset clears 
the DDR 
of port 


6. 
In 
addition. 
it 
can 
produce 
I mA 
current 
when 
Vout 


1.5V 
to drive directly 
the base of Darlington 
transistors. 


• 
Port 7 
A 5-bit 
port 
for output 
only. 
In mode 
3, port 
7 goes to high 


impedance 
during 
reset 
and keeps 
the state 
even after 
accepting 


reset 
cancellation. 
It continues 
till a write 
operation 
is made 
to 


port 
7. When 
a write 
operation 
is made 
to 
port 
7, the 
high 


impedance 
state 
shifts 
to the 
output 
state 
and 
the 
written 
data 


will be output. 
Once 
port 
7 gets 
in the output 
state, 
it operates 


as an output 
till reset 
occurs. 
Port 
7 can also read 
the 
value 
of 


the 
data 
register, 
thus 
enables 
the CPU 
to use the bit manipula- 


tion 
instruction. 
In this case b7 - 
bs are "I". 


In mode 
1 and 
2, port 
7 acts 
as outputs 
for control 
signals 
(RD, 
WR, 
R/W, 
LIR 
and 
BA). 
This 
port 
can 
drive 
one 
TTL 


load and 30pF 
capacitance. 


• 
RAM/PORT 
5 CONTROL 
REGISTER 


The 
control 
register 
located 
at 
$0014 
controls 
on-chip 


RAM and port 
5. 


Bit O. Bit 1 IROI• 
IRO, 
Enable 
Bit (I RO, E. IRO,E) 


When 
using 
Pso 
and 
PSI 
as 
interrupt 
pins, 
write 
"I" 
in 


these 
bits. 
When 
"0", 
the 
CPU 
doesn't 
accept 
an 
external 


interrupt 
or 
a 
sleep 
cancellation 
by 
the 
external 
interrupt. 


These 
bits become 
"0" 
during 
reset. 


regardless 
of 
the 
value 
of this 
bit 
and 
PS2 
can 
be used 
as the 


f/Oport. 
This bit becomes" 
I" during 
reset. 


Bit 3 
Halt Enable 
bit (H LTEl 
When 
using 
P S3 as an input 
for 
Halt 
signal, 
write" 
I" in this 


bit. 
When 
"0", 
the halt 
function 
is prohibited. 
In mode 
3, the 
halt 
function 
is prohibited 
regardless 
of the value of this bit and 


P S3 can 
be used 
as the 
I/O 
port. 
This 
bit becomes" 
I" 
during 


reset. 
(Note) 
When 
using 
PS2 
and 
PS3 as the 
input 
ports 
in mode 
1 and 2, 


MRE and HLTE 
bit should 
be cleared 
just 
after 
the reset. 
Notice 


that 
memory 
ready 
and 
halt 
function 
is enable 
till 
MRE 
and 


HLTE 
bit is cleared. 


Bit 6 
RAM Enable 
(RAMEl 
On-chip 
RAM 
can 
be disabled 
by this control 
bit. 
By resett- 


ing the 
MCU, "I" 
is set to this bit, and on-chip 
RAM is enabled. 
This 
bit can 
be written 
"I" 
or "0" 
by software. 
When 
RAM 
is 


in disable 
condition 
(=Iogic 
"0"), 
on-chip 
RAM 
is invalid 
and 


the 
CPU 
can 
read 
data 
from 
external 
memory. 
This 
bit should 


be 
"0" 
before 
getting 
into 
the 
standby 
mode 
to protect 
on- 


chip 
RAM data. 


Bit 7 Standby 
Power 
Bit (STBY 
PWR) 


When 
V cc 
is 
not 
provided 
in 
standby 
mode, 
this 
bit 
is 


cleared. 
This 
is a flag for both 
read/write 
by software. 
If this bit 


is set before 
standby 
mode, 
and remains 
set even after 
returning 


from 
standby 
mode, 
V cc 
voltage 
is provided 
during 
standby 


mode 
and the on-chip 
RAM data 
is valid. 


• 
MODE 
SELECTION 


Mode 
program 
pins, 
MPo and 
MP, 
determine 
the 
operation 
mode 
of the HD6301 XO as Table 
3 gives. 


• 
Mode 
1 (Expanded 
Mode) 


In this 
mode, 
port 
3 is data 
bus and port 
I lower 
address 
bus 
and 
port 
4 
upper 
address 
bus 
to 
interface 
directly 
with 
the 


HMCS6800 
buses. 
A control 
signal 
such 
as R/W is produced 
at 


port 
7. In mode 
I, on-chip 
ROM 
is disabled 
and 
65k 
bytes 
of 
address 
space are externally 
expandable 
(refer 
to Fig. 
15) . 


• 
Mode 
2 (Expanded 
Model 


This 
mode 
is also expandable 
as well as mode 
I. But 
in this 


mode, 
on-chip 
ROM 
is enabled 
and 
the 
expandable 
address 


space 
is 61k bytes 
(refer 
to Fig. 16). 


• 
Mode J (Single-chip 
Mode) 
In this mode, 
all ports 
are available 
(refer 
to Fig. 17). 


Mode 
MPI 
MPo 
ROM 
RAM 
Interrupt 
Operation 
Mode 
Vector 


1 
"L" 
"H" 
E 
," 
E 
Expanded 
Mode 


2 
"H" 
"L" 
I 
I" 
I 
Expanded 
Mode 


3 
"H" 
"H" 
I 
, 
I 
Single-chip 
Mode 


Bit 2 
Memory 
Ready 
Enable 
Bit (MRE) 


When 
using 
PS2 as an input 
for Memory 
Ready'signal, 
write 


"1" 
in this 
bit. 
When 
"0", 
the 
memory 
ready 
function 
is pro- 


hibited. 
In mode 
3, the 
memory 
ready 
function 
is prohibited 
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"L":; 
Logic 
"0", 
"H" 
= Logic 
"''', 
I; Internal, 
E; External. 


• The 
addressing 
RAM 
area 
can 
be 
external 
by 
clearing 
RAME 
bit 
at 
$0014. 


CJ 


RES 
STBY 
NMI 


Port 
2 
81/0 
lmes 


Timer 
" 
2 
SCI 
Port 
5 
8~~7~ 
MR. HALT 


Port 
6 
8 I/O Lines 


HD6301XO 


MCU 


RES 
SfiW 
NMi 


Port 2 
8 I/O lines 


Timer '. 
2 SCI 
Port 5 
8 Input lines 
rno.: 
fiiQ, 


Port 6 
8 I/O lines 


• 
Mode and Port 
Table 4 shows MeV signals in each mode. 


RES 
STIlY 


NMI 


Port 2 
8 I/O lmes 
Timer 
,. 2 sel 
Port 5 


8~~~ 
MR. HALT 


Port 6 
8 I/O lines 


Port 
1 


8 Address 
Bus 


Port 
4 
8 Address Bus 


~ 
Mode 1 
Mode 2 
Mode 3 
Port 
Port 1 
Address Bus (AD-A,) 
Address Bus lAD- A,) 
Output Port 
Port 2 
I/O Port 
I/O Port 
I/O Port 
Port 3 
Data Bus (Do-0,) 
Data Bus (Do-0,) 
I/O Port 
Port 4 
Address Bus (A. -A,s) 
Address Bus (A. -A,s) 
Output Port 
Port 5 
Input Port 
Input Port 
Input Port 


Port 6 
I/O Port 
I/O Port 
I/O Port 
Port 7 
RD, WR, RIW, L1R, BA 
RD, WR, RIW, L1R, BA 
Output Port 


@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• 
MEMORY 
MAP 


The MeV can address up to 65k bytes depending 
on its 


operation 
mode. Fig. 18 gives memory maps in each operation 


mode. 32 internal registers use addresses from "00" as shown in 
Table 5. 


Address 
Registers 
RIW··· 
Initialize at RESET 


00 
- 
- 
- 


01 
Port 2 Data Direction Register 
W 
$FC 


02" 
Port 1 
RIW 
Undefined 


03 
Port 2 
RIW 
Undefined 


04" 
Port 3 Data Direction Register 
W 
$FE 


05 
- 
- 
- 


06" 
Port 3 
RIW 
Undefined 


07" 
Port 4 
RIW 
Undefined 


08 
Timer Control/Status 
Register 1 
RIW 
$00 


09 
Free Running Counter ("High") 
RIW 
$00 


OA 
Free Running Counter ("Low") 
RIW 
$00 


08 
Output Compare Register 1 ("High") 
RIW 
$FF 


OC 
Output Compare Register 1 ("Low") 
RIW 
$FF 


OD 
Input Capture Register ("High") 
R 
$00 


OE 
Input Capture Register ("Low") 
R 
$00 


OF 
Timer Control/Status 
Register 2 
RIW 
$10 


10 
Rate, Mode Control Register 
RIW 
$00 


11 
Tx/Rx Control Status Register 
RIW 
$20 


12 
Reoeive Data Register 
R 
$00 


13 
Transmit Data Re!lister 
W 
$00 


14 
RAM/Port 5 Control Register 
RIW 
$7C or $FC 


15 
Port 5 
R 
- 


16 
Port 6 Data Direction Register 
W 
$00 


17 
Port 6 
RIW 
Undefined 


18" 
Port 7 
RIW 
Undefined 


19 
Output Compare Register 2 ("High") 
RIW 
$FF 


lA 
Output Compare Register 2 ("Low") 
RIW 
$FF 


18 
Timer Control/Status 
Register 3 
RIW 
$20 


lC 
Time Constant Register 
W 
$FF 


lD 
Timer 2 Up Counter 
RIW 
$00 


lE 
- 
- 
- 


IF"" 
Test Register 
- 
- 


• External 
Address in Mode 1, 2 . 
•• 
Test 
Register. 
Do not access 
to this register . 


••• 
R 
: Read Only 
Register 


W 
: Write Only 
Register 
R/W: 
ReadlWrite 
Register 
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• 
TIMER 1 
The HD6301XO provides a 16-bit programmable timer which 


can simultaneously 
measure an input waveform and generate 


two independent 
output 
waveforms. The pulse widths of both 


input/output 
waveforms 
vary from microseconds 
to seconds. 


Timer 1 is configurated as follows (refer to Fig. 20). 
Control/Status 
Register I (8 bit) 
Control/Status 
Register 2 (7 bit) 
Free Running Counter (16 bit) 
Output Compare Register I (16 bit) 
Output Compare Register 2 (16 bit) 
Input Capture Register (16 bit) 


• 
Free-Running Counter (FRC) ($0009 : oooA) 
The key timer element is a 16-bit free-running counter driven 


and incremented 
by system clock. The counter value is readable 


by software 
without 
affecting 
the 
counter. 
The counter 
is 
cleared by reset. 


When writing to the upper byte ($09), the CPU wntes the 


preset 
value ($FFF8) 
into 
the 
counter 
(address 
$09, $OA) 


regardless of the write data value. But when writing to the 
lower byte ($OA) after the upper byte writing, the CPU writes 
not only the lower byte data into lower 8 bit, but also the upper 
byte data into higher 8 bit of the FRC. 
The counter will be as follows when the CPU writes to it by 


double store instructions (STD, STX etc.). 


In the case of the CPU write ($5AF31 to the FRC 


Figure 19 
Counter Write Timing 


• 
Output Compare Register (OCR) 
($oooB,$oOOC; 
OCR1) ($0019.$001A;OCR2) 


The output 
compare register is a 16-bit read/write 
register 


which can control 
an output 
waveform. The data of OCR is 


always compared with the FRC. 


When the data matches, output 
compare flag (OCF) in the 


timer control/status 
register (TCSR) is set. If an output 
enable 


bit (OE) in the TCSR2 is "1", an output level bit (OLVL) in the 
TCSR will be output 
to bit I (Tout 
I) and bit 5 (Tout 2) of 


port 2. To control the output 
level again by the next compare, 


the value of OCR and OLVL should be changed. The OCR is set 
to $FFFF at reset. The compare function is inhibited for a cycle 
just after a write to the OCR or to the upper byte of the FRC. 
This is to begin the comparison 
after setting the 16-bit value 


valid in the register and to inhibit the compare function at this 
cycle, because the CPU writes the upper byte to the FRC, and 
at the next cycle the counter is set to $FFF8. 


• 
For data write to the FRC or the OCR, 2-byte transfer in- 
struction (such as STX etc.) should be used. 


• 
Input Capture Register HCR) ($0000 : oooE) 
The input capture register is a 16-bit read only register which 


stores the FRC's value when external 
input 
signal transition 


generates an input capture pulse. Such transition is controlled 
by input edge bit (IEDG) in the TCSRI. 


In order to input the external input signal to the edge detec- 


ter, a bit of the DDR corresponding to bit 0 of port 2 should be 
cleared ("0"). 
When an input capture pulse occurs by the ex- 


ternal input signal transition 
at the next cycle of CPU's high- 


byte read of the ICR, the input capture pulse will be delayed by 
one cycle. In order to ensure the input capture operation, 
a 


CPU read of the ICR needs 2-byte 
transfer instruction. 
The 


input pulse width should be at least 2 system cycles. This regis- 
ter is cleared ($0000) during reset. 
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• 
Timer 
Control/Status 
Register 
1 (TCSR1) 
($0008) 


The 
timer 
control/status 
register 
I is an B-bit register. 
All bits 


are readable 
and 
the 
lower 
5 bits are also writable. 
The upper 3 
bits are read-only 
which 
indicate 
the following 
timer 
stalUS. 
Bit 5 
The 
counter 
value 
reached 
to 
$0000 
as 
a 
result 
of 


counting-up 
(TOF). 
Bit 6 
A match 
has occured 
between 
the 
FRC 
and 
the 
OCR 
1 


(OCFI). 


Bit 7 
Defined 
transition 
of 
the 
timer 
input 
signal 
causes 
the 


counter 
to transfer 
its data 
to the ICR (ICF). 


The followings 
are each bit descriptions. 


Timer 
Control/Status 
Register 
1 


6 
5 
3 
2 


Bit 0 
OLVL 1 
Output 
Levell 


OLVLl 
is transferred 
to port 
2, bit 
I when 
a match 


occurs 
between 
the 
counter 
and 
the OCRI. 
If bit a of 


the 
TCSR2 
(OEI) 
is set to "I ", OLVLl 
will appear 
at 


bit 
1 of port 
2. 
Bit 1 
IEDG 
Input 
Edge 


This 
bit 
determines 
which 
edge, 
rising 
or 
falling 
of 
input 
signal 
of 
port 
2, bit a will 
trigger 
data 
transfer 


from 
the 
counter 
to 
the 
ICR. 
For 
this 
function, 
the 
DDR 
corresponding 
to 
port 
2, bit a should 
be cleared 
beforehand. 
IEDG=O, 
triggered 
on a falling edge 
("High" 
to "Low") 
IEDG= I, 
triggered 
on a rising edge 


("Low" 
to "High") 
Bit 2 
ETOI 
Enable 
Timer 
Overflow 
Interrupt 
When 
this 
bit is set, an internal 
interrupt 
(IRQ3) 
by 
TOI 
interrupt 
is enabled. 
When 
cleared, 
the 
interrupt 
is 
inhibited. 


Bit 3 
EOCll 
Enable 
Output 
Compare 
Interrupt 
1 


When 
this 
bit is set, an internal 
interrupt 
(IRQ3) 
by 


OCI I interrupt 
is enabled. 
When 
cleared, 
the 
interrupt 


is inhibited. 
Bit 4 
EICI 
Enable 
Input 
Capture 
Interrupt 
When 
this 
bit is set, an internal 
interrupt 
(IRQ3) 
by 
ICI interrupt 
is enabled. 
When 
cleared, 
the 
interrupt 
is 


inhibited. 


Bit 5 
TOF 
Timer 
Overflow 
Flag 
This 
read-only 
bit 
is set 
when 
the 
counter 
incre- 


ments 
from 
5FFFF 
by 
I. Cleared 
when 
the 
counter's 
the 
upper 
byte 
(50009) 
is read 
by 
the 
CPU 
after 
the 
TCSRI 
read. 


Bit 6 
OCFl 
Output 
Compare 
Flag 1 


This 
read-only 
bit 
is set 
when 
a match 
occurs 
be- 


tween 
the OCRI 
and the FRC. 
Cleared 
when 
writing 
to 
the 
OCR I 
(5000B 
or 
5000C) 
after 
the 
TCSR I or 
TCSR2 
read. 


Bit 7 
ICF 
Input 
Capture 
Flag 


This 
read-only 
bit 
is set 
when 
an 
input 
signal 
of 


port 
2. bit a makes 
a transition 
as defined 
by 
IEDG 


and 
the 
FRC 
is transferred 
to the 
ICR. 
Cleared 
when 


reading 
the 
upper 
byte 
(5000D) 
of the 
ICR after 
the 
TCSRI 
or TCSR2 
read. 


• 
Timer 
Control/Status 
Register 
2 (TCSR2) 
($OOOF) 


The 
timer 
control/status 
register 
2 is a 7-bit 
register. 
All bits 
are 
readable 
and 
the 
lower 
4 bits 
are 
also 
writable. 
But 
the 


upper 
3 bits 
are 
read-only 
which 
indicate 
the 
follOWing 
timer 
status. 
Bit 5 
A match 
has 
occured 
between 
the 
FRC 
and 
the 
OCR2 
(OCF2). 


Bit 6 
The 
same 
status 
flag 
as the 
OCFl 
flag 
of the 
TCSRI, 


bit 6. 


Bit 7 
The same status 
flag as the ICF flag of the TCSRI 
,bit 
7. 


The follOWings are 
the each 
bit descriptions. 


Bit 0 
OE 1 
Output 
Enable 
1 
This 
bit 
enables 
the 
OLVLl 
to appear 
at port 
2, bit 


1 when 
a match 
has occurred 
between 
the counter 
and 


the 
output 
compare 
register 
I. When this bit is cleared, 


bit 
1 of port 
2 will be an I/O port. 
When set, it will be 
an output 
ofOLVLl 
automatically. 


Bit 1 
OE2 
Output 
Enable 
2 
This 
bit 
enables 
the 
OLVL2 
to appear 
at port 
2, bit 


5 when 
a match 
has occurred 
between 
the 
counter 
and 


the 
output 
compare 
register 
2. When this bit is cleared, 


port 
2, bit 5 will be an I/O port. 
When set, it will be an 
output 
ofOLVL2 
automatically. 
Bit 2 
OLVL2 
Output 
Level 2 


OLVL2 
is transferred 
to port 
2, bit 
5 when 
a match 


has 
occurred 
between 
the 
counter 
and 
the 
OCR2. 
If 
bit 
5 of 
the 
TCSR2 
(OE2) 
is set 
to "I", 
OLVL2 
will 
appear 
at port 
2, bit 5. 


Bit 3 
EOCI2 
Enable 
Output 
Compare 
Interrupt 
2 


When 
this 
bit is set, an internal 
interrupt 
(IRQ3) 
by 


OCI2 
interrupt 
is enabled. 
When 
cleared, 
the 
interrupt 
is inhibited. 


Bit 4 
Not Used 
Bit 5 
OCF2 
Output 
Compare 
Flag 2 


This 
read-only 
bit 
is set when 
a match 
has occurred 
between 
the 
counter 
and 
the 
OCR2. 
Cleared 
when 
writing 
to 
the 
OCR2 
(50019 
or 
5001 A) 
after 
the 


TCSR2 
read. 


Bit 6 
OCFl 
Output 
Compare 
Flag 1 


Bit 7 
ICF 
Input 
Capture 
Flag 


OCF I 
and 
ICF 
addresses 
are 
partially 
decoded. 


The 
CPU read 
of the TCSRI/TCSR2 
makes 
it possible 


to read OCFI 
and ICF into 
bit6 
and bit 7. 


Both 
the 
TCSRI 
and 
TCSR2 
will 
be cleared 
during 
reset. 


(Note) 
If OEI 
or OE2 
is set to "I" 
before 
the first output 
compare 


match 
occurs 
after 
reset 
restart. 
bit 
I or 
bit 
5 of 
port 
2 will 
produce 
"0" 
respectively. 
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• 
TIMER 2 
In addition to the timer I, the HD630lXO provides an 8-bit 


reloadable 
timer, 
which 
is capable of counting 
the external 


event. This timer 2 contains a timer output, 
so the MCU can 


generate three independent waveforms. (Refer to Fig. 21.) 


The timer 2 is configured as follows: 
Control/Status 
Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 


• 
Timer 2 Up Counter (T2CNT) ($0010) 
This is an 8-bit up counter 
which operates with the clock 


decided by CKSO and CKSI of the TCSR3. The CPU can read 
the value of the counter without affecting the counter. In addi- 
tion, any value can be written to the counter by software even 
during coun ting. 
The counter 
is cleared when a match occurs between the 


counter and the TCONR or during reset. 


If a write operation is made by software to the counter at the 


cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 


• 
Time Constant Register (TCONR) ($DOl C) 
The time constant 
register is an 8-bit write only register. It 


is always compared with the counter. 


When a match has occurred, 
counter 
match flag (CMF) of 


the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOSI of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts 
and waveform outputs without any software support. 


The TCONR is set to "$FF" during reset. 


• 
Timer Control/Status 
Register 3 (TCSR3) ($001 B) 


The timer control/status 
register 3 is a 7-bit register. All bits 


are readable and 6 bits except for CMF can be written. 


The followings are each pin descriptions. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Timerl FRC 


I 
I, 


CKSO 
Input Clock Select 0 


C.KS1 
Input Clock Select 1 


Input 
clock to the counter 
is selected as shown in 


Table 6 depending 
on these two bits. When an external 


clock is selected, bit 7 of port 2 will be a clock input 
automatically. 
Timer 2 detects 
the rising edge of the 


external clock and increments the counter. The external 
clock 
is countable 
up to half the 
frequency 
of the 


system clock. 


CKSl 
CKSO 
Input Clock to the Counter 


0 
0 
E clock 


0 
1 
E c1ock/S' 


1 
0 
E c1ock/12S' 


1 
1 
External clock 


• These clocks come from the FRC of the timer 
1. I f one of these clocks 


is selected as an input clock to the up counter, 
the CPU should not 


write to the FRC of the timer 1. 


Bit 2 
TOSO 
Timer Output Select 0 


Bit 3 
TOSl 
Timer Output Select 1 


When a match occurs between the counter 
and the 


TCONR timer 2 outputs shown in Table 7 will appear at 
port 2, bit 6 depending on these two bits. When both 
TOSO and TOSI are "0", bit 6 of port 2 will be an I/O 
port. 


TOSl 
TOSO 
Timer Output 


0 
0 
Timer Output Inhibited 


0 
1 
Toggle Output' 


1 
0 
Output "0" 


1 
1 
Output "1" 


• When 
a match 
occurs 
bet'Neen 
the 
counter 
and 
the TeON R. timer 
2 
output 
level 
is reversed. 
This 
leads to production 
of a square 
'Nave with 
50% duty to the external 
without 
any software 
support. 


Bit 4 
T2E 
Timer 2 Enable Bit 


When this bit is cleared, 
a clock input 
to the up 
counter is prohibited and the up counter stops. When set 
to "I", 
a clock selected by CKSI and CKSO(Table 6) is 


input to the up counter. 


(Note) 


P2. outputs 
"0" when T2E bit cleared and timer 2 set in 


output enable condition 
by TOSI or TOSO. It also outputs "0" 


when T2E bit set "I" 
and timer 2 set in output enable condi- 


tion before the first counter match occurs. 
Bit 5 
Not Used 
Bit 6 
ECMI 
Enable Counter Match Interrupt 


When this bit is set, an internal interrupt 
(IRQ3) by 
CMI is enabled. When cleared, the interrupt is inhibited. 


Bit 7 
CMF 
Counter Match Flag 


This read-only bit is set when a match occurs between 


the up counter 
and the TCONR. Cleared by writing 
"0" 
by software 
(unable to write "I" 
by software). 


Each bit of the TCSR3 is cleared during reset. 
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• 
SERIAL 
COMMUNICATION 
INTERFACE 
(SCII 


The HD6301XO SCI contains two operation modes; one is an 


asynchronous 
mode by the NRZ format 
and the other is a 


clocked synchronous 
mode which transfers data synchronizing 


with the serial clock. 
The SCI consists of the following registers as shown in Fig. 
22 Block Diagram: 
Control/Status 
Register (TRCSR) 
Rate/Mode Control Register (RMCR) 
Receive Data Register (RDR) 
Receive Data Shift Register (RDSR) 
Transmit Data Register (TDR) 
Transmit Data Shift Register (TDSR) 


The serial I/O hardware requires an initialization by software 


for operation. The procedure is usually as follows: 
/1) 
Write a desirable operation mode into each correspond- 
ing control bit of the RMCR. 
2) 
Write a desirable operation mode into each correspond- 
ing control bit of the TRCSR. 


When using bit 3 and 4 of port 2 for serial I/O only, there is 


no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than I 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 


• 
Asynchronous Mode 
An asynchronous 
mode 
contains 
the 
following two data 


formats: 


I Start Bit + 8 Bit Data 
+ I Stop Bit 


1 Start Bit + 9 Bit Data + I Stop Bit 


In addition, 
if the 9th bit is set to "I" 
when making 9 


bit data format, the format of 
I Start bit 
+ 8 Bit Data 
+ 2 Stop Bit 


is also transferred. 


Data transmission is enabled by setting TE bit of the TRCSR, 


then port 2, bit 4 will become a serial output independently 
of 


the corresponding DDR. 
For data transmit, both the RMCR and TRCSR should be 


set under the desirable operating conditions. 
When TE bit is 


set dUring this process, 10 bit preamble will be sent in 8-bit data 
format and II 
bit in 9-bit data format. When the preamble is 


produced, 
the internal synchronization 
will become stable and 


the transmitter is ready to act. 
The conditions at this stage are as follows. 
I) 
If the TDR is empty 
(TDRE=I), 
consecutive 
I's are 


produced to indicate the idle state. 


2) 
If the TDR contains data (TDRE=O), data is sent to the 
transmit data shift register and data transmit starts. 


During data transmit, 
a start bit of "0" is transmitted 
fITst. 


Then 8-bit or 9-bit data (starts from bit 0) and a stop bit 
i'I" 


are transmitted. 
When the TDR is "empty", 
hardware sets TDRE flag bit. If 


the CPU doesn't respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit 
data register to the transmit sift register), "I" 
is 


transferred 
instead 
of the start bit "0" 
and continues 
to be 


transferred 
till data is provided to the data register. While the 


TDRE is "I", 
"0" is not transferred 
Data receive is possible by setting RE bit. This makes port 2, 


bit 3 a serial input. 
The operation 
mode of data receive is 


decided by the contents 
of the TRCSR and RMCR. The first 


"0" (space) synchronizes 
the receive bit flow. Each bit of the 


following data will be strobed in the middle. If a stop bit is not 
"I", a framing error assumed and ORFE is set. 


When a framing error occurs, receive data is transferred to 


the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 


If the stop bit is "1", data is transferred to the receive data 


register and an interrupt 
flag RDRF is set. If RDRF is still 


set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 


When the CPU read the receive data register as a response to 


RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 


If CCI: CCO= 10, the internal bit rate clock is provided at 


P22 regardless of the values for TE or RE. Maximum clock rate 
is E -+- 16. 


If both CCI and CCO are set, an external TTL compatible 


clock must be connected 
to 
P22 
at sixteen 
tilnes (l6x) 
the 


desired bit rate, but not greater than E. 


• 
Clocked Synchronous Mode 
In 
the 
clocked 
synchronous 
mode, 
data 
transmit 
is 


synchronized 
with 
the 
clock 
pulse. 
The 
HD6301 XO SCI 


proVides functionally 
independent 
transmitter 
and 
receiver 


which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin 
is only P22, 
so the 
simultaneous 
receive and transmit 


operation 
is not available. In this mode, TE and RE should 


not be in set condition 
("1") 
simultaneously. 
Fig. 23 gives a 


synchronous 
clock and a data format in the clocked synchro- 


nousmode. 
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Data transmit 
is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output 
unconditionally 
independent 


of the value of the corresponding DDR. 
Both the RMCR and TRCSR should be set in the desirable 


operating condition for data transmit. 


When· an external 
clock input is selected, data transmit 
is 


performed 
under the TORE flag "0" 
from port 2, bit 4, syn- 


chronizing with 8 clock pulses input from external to port 2, 
bit 2. 
Data is transmitted 
from bit 0 and the TORE is set when the 
transmit 
data shift register is "empty". 
More than 9th clock 
pulse of external are ignored. 


• Transmit 
data is produced from a falling edge of a synchronous 
clock to the next falling edge . 


• Receive 
data is latched 
at the rising edge. 


When data transmit is selected to the clock output, the MCU 


produces 
transmit 
data and synchronous 
clock at TORE flag 


clear. 


Data receive is enabled by setting RE bit. Port 2, bit 3 will 


be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 


If the external clock input is selected, RE bit should be set 


when 
P22 is "High". 
Then 8 external 
clock pulses and the 


synchronized 
receive data are input 
to port 2, bit 2 and bit 


3 respectively. 
The MCU put 
receive data 
into 
the receive 


data shift register by this clock and set the RDRF flag at the 
termination 
of 8 bit data receive. More than 9th clock pulse of 


external input are ignored. When RDRF is cleared by reading 
the receive data register, the MCU starts receiving the next data. 


So RDRF should be cleared with P22 "High" 


When data receive is selected to the clock output, 8 synchro- 
nous clocks are output 
to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously 
with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output 
the synchronous 
clock to the external by clearing the 
RDRF bit. 


• 
Transmit/Receive 
Control Status Register (TRCSR) ($0011) 
The TRCSR is composed of 8 bits which are all readable. Bits 
o to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Bit 0 
WU 
Wake-up 


In 
a 
typical 
multi-processor 
configuration, 
the 


software 
protocol 
provides the destination 
address at 


the 
first byte 
of the message. In order to make un- 


interested MCU ignore the remaining message, a wake·up 
function 
is available. By this, uninterested 
MCU can in- 


hibit all further receive processing till the next message 
starts. 


Then wake-up function 
is triggered by consecutive 


I's with I frame length (10 bits for g-bit data, II for 
9-bit). 
The software 
protocol 
should provide the idle 


time between messages. 


By setting this bit, the MCU stops data receive till the 


next message. The receive of consecutive "I" 
with one 


frame length wakes up and clears this bit and then the 
MCU restarts 
receive operation. 
However, the RE flag 


should 
be already 
set before 
setting this bit. In the 


clocked synchronous 
mode WU is not available, so this 


bit should not be set. 


Bit 1 
TE 
Transmit Enable 
When this bit is set, transmit data will appear at port 


2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous 
mode it appears imme- 


diately. This is executed regardless of the value of the 
corresponding 
DDR. When TE is cleared, the serial I/O 


doesn't affect port 2, bit 4. 


Bit 2 
TIE 
Transmit Interrupt Enable 


When this bit is set, an internal interrupt 
(IRQ3) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 


Bit 3 
RE 
Receive Enable 


When set, a signal is input to the receiver from port 


2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 


Bit 4 
RIE 
Receive Interrupt Enable 


When this bit is set, an internal interrupt, 
IRQ3 is 
enabled when RORF (bit 7) or ORFE 
(bit 6) is set. 


When cleared, the interrupt is inhibited. 


Bit 5 
TORE 
Transmit Data Register Empty 


TDRE 
is set when the TDR is transferred 
to the 


transmit 
data shift register in the asynchronous 
mode, 


while in clocked synchronous 
mode when the TDSR is 


"empty". 
This bit is reset by reading the TRCSR and 


writing new transmit data to the transmit data register. 
TDRE is set to "I" 
during reset. 


(Note) 


TDRE should be cleared in the transmittable 
state after the 


TE set. 


Bit 6 
OR FE 
Overrun Framing Error 


ORFE is set by hardware when an overrun or a fram- 


ing error is generated 
(during 
data-receive 
only). An 


overrun error occurs when new receive data is ready to 


be transferred to the RDR dUring RDRF still being set. 
A framing error occurs when a stop bit is "0". But in 
clocked synchronous 
mode, this bit is not affected. This 


bit is cleared when reading the TRCSR, then the ROR, 
or during reset. 
Bit 7 
RDRF 
Receive Data Register Full 
RDRF is set by hardware when the ROSR is trans- 


ferred to the RDR. Cleared when reading the TRCSR, 
then the ROR, or during reset. 


(Note) When a few bits are set between bit 5 to bit 7 in the 


TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 


• 
Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 


• Baud Rate 
• Data Format 


• Clock Source 
• Port 2, Bit 2 Function 


In addition, if 9-bit data format is set in the asynchronous 


mode, the 9th bit is put in this register. All bits are readable and 
writable 
except 
bit 7 (read only). This register is set to $00 


during reset. 


Bit 0 
Bit 1 
Bit 5 
SSO} 
SSl 
SS2 


These bits control 
the baud rate used for the SCI. Table 


g lists the available baud rates. The timer I FRC (SS2=O) and 
the timer 2 up counter (SS2= I) proVide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 9 depending on the value of the TCONR. 
(Note) When operating 
the 
SCI with internal 
clock, do not 


perform write operation 
to the timer/counter 
which is 


the clock source of the SCI. 


Bit 2 
CCO} 
Bit 3 
CCl 
Clock Control/Format 
Select" 


Bit 4 
CC2 


These bits control 
the data format 
and the clock source 


(refer to Table 10). 


* cco, 
eel 
and CC2 are cleared during reset and the MCU 


goes to the clocked 
synchronous 
mode of the external 
clock operation. 
Then the MCV sets port 2, bit 2 into the 
clock input state. 
When using port 2, bit 2 as an output 


port, the DDR of port 2 should be set to "I" 
and CCI 


and eeo to "0" and "I" 
respectively. 
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XTAL 
2.4576MHz 
4.0MHz 
4.9152MHz 


SS2 SSl 
SSO 
E 
614.4kHz 
1.0MHz 
12288MHz 


0 
0 
0 
E+16 
26"s/38400Baud 
16"s/62500Baud 
13"s/76BOOBaud 


0 
0 
1 
E+12B 
208"s/4800Baud 
128"s/7812.5Baud 
104.2 "s/9600Baud 


0 
1 
0 
E+l024 
1.67ms/6008aud 
1.024ms/976.6Baud 
833.3"s/1200Baud 


0 
1 
1 
E+4096 
6.67ms/150Baud 
4.096ms/244.1 Baud 
3.333ms/300Baud 


1 
- 
- 
- 
* 
* 
* 


f 
32 (N+l) 
( 


f: 
input clock frequency to the) 
timer 2 counter 


N = 0 -255 


XTAL 
4.0MHz 
6.0MHz 
8.0MHz 
SS2 
SSI 
SSO 
E 
1.0MHz 
1.5MHz 
2.0MHz 
0 
0 
0 
E+2 
2"s/bit 
1.33"s/bit 
1"s/bit 
0 
0 
1 
E+16 
16"s/bit 
10.7"s/bit 
8"s/bit 
0 
1 
0 
E+128 
128"s/bit 
85.3"s/bit 
64"s/bit 
0 
1 
1 
E+512 
512"s/bit 
341 "s/bil 
256"s/bit 
1 
- 
- 
- 
* * 
* * 
* * 
• Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC - 1/2 system clock. 


. 
. 
4 (N+l) 
BIt Rate (IlS/blt) = 
f 
( 


f: 
input clock frequency to the) 
timer 2 counter 


N=O-255 


~L 
2.4576MHz 
3.6864MHz 
4.0MHz 
4.9152MHz 
8.0MHz 
BaudRate(Baud 


110 
21" 
32" 
35" 
43" 
70" 


150 
127 
191 
207 
255 
51· 


300 
63 
95 
103 
127 
207 


600 
31 
47 
51 
63 
103 


1200 
15 
23 
25 
31 
51 


2400 
7 
11 
12 
15 
25 


4800 
3 
5 
- 
7 
12 


9600 
1 
2 
- 
3 
- 


19200 
0 
- 
- 
1 
- 


38400 
- 
- 
- 
0 
- 
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CC2 
CCI 
CCO 
Format 
Mode 
Clock 
Source 
Port 
2, Bit 2 
Port 
2, Bit 3 
I 
Port 
2, Bit 4 
a 
a 
a 
S-bit data 
Clocked 
Synchronous 
External 
Input 
a 
a 
1 
S-bit data 
Asynchronous 
1nternal 
Not Used" 
a 
1 
a 
S-bit data 
Asynchronous 
Internal 
Output" 
When 
the TRCSR, 
RE bit is "1", 


bit 3 is used as a serial 
input. 
a 
1 
1 
S-bit data 
Asynchronous 
External 
Input 


1 
a 
a 
S-bit data 
Clocked 
Synchronous 
Internal 
Output 


1 
a 
1 
9-bit 
data 
Asynchronous 
Internal 
Not Used"" 


1 
1 
a 
9-bit 
data 
Asynchronous 
Internal 
Output" 
When 
the TRCSR, 
TE bit is "1", 


bit 4 is used as a serial output. 


1 
1 
1 
9-bit 
data 
Asynchronous 
External 
Input 


• Clock 
output 
regardless 
of the TRCSR, 
bit RE and TE . 


•• 
Not used 
for the SCI. 


Bit 6 
TDS 
Transmit 
Data 
Bit S 


When 
selecting 
9-bit 
data 
format 
in the 
asynchron- 


ou's 
mode, 
this 
bit 
is transmitted 
as 
the 
9th 
data. 
In 


transmitting 
9-bit 
data, 
write 
the 
9th 
data 
into 
this 
bit 


then write 
data 
to the receive 
data 
register. 


Bit 7 
RDS 
Receive 
Data 
Bit S 


When 
selecting 
9-bit 
data 
format 
in the asynchronous 
mode, 
this 
bit stores 
the 
9th 
bit data. 
In receiving 
9-bit 


data, 
read this bit then 
the receive 
data 
register. 


• 
TIMER, 
SCI 
STATUS 
FLAG 


Table 
11 shows 
the 
set 
and 
reset 
conditions 
of each 
status 


flag in the timer 
1, timer 
2 and SCI. 


As for 
Timer! 
and 
Timer 
2 status 
flag. if the set and 
reset 
condition 
occur 
simultaneously, 
the set condition 
is prior 
to the 


reset 
condition. 
But in case of SCI control 
status 
flag. the reset 


condition 
has 
priority. 
Especially 
as for 
OCFI 
and 
OCF2 
of 


Timer 
I, the set signal 
is generated 
periodically 
whenever 
FRC 


matches 
OCR 
aner 
the set. 
and 
which 
can cause 
the unclear 
of 


thellag. 
To 
clear 
surely, 
the 
method 
is necessary 
to avoid 
the 


occurence 
of the set signal 
between 
TCSR 
read and OCR write. 


For 
example, 
match 
the 
OCR 
value 
to FRC 
first, and next 
read 


TCSK 
and then 
write 
OCR at once. 


Set Condition 
Reset 
Condition 


ICF 
FRC 
..• 
ICR by edge input 
to P,o. 
1. 
Read the TCSR 1 or TCSR2 
then 
ICRH, 


whenlCF=1 


2. 
RES=o 


OCFl 
OCR1=FRC 
1. 
Read the TCSR 1 or TCSR2 
then 
write 
to the 


OCRI 
H or OCRI 
L, when 
OCFl 
= 1 


Timer 
2. 
RES=o 


1 
OCF2 
OCR2=FRC 
1. 
Read the TCSR2 
then write 
to the OCR2H 
or 


.OCR2L,whenOCF2=1 


2. 
RES=O 


TOF 
FRC=$FFFF+l 
cycle 
1. 
Read the TCSRI 
then 
FRCH, 
when 
TOF=1 


2. 
RES=O 


Timer 
CMF 
T2CNT=TCON 
R 
1. 
Write "a.. to CM F, when 
CM F = 1 
2 
2. 
RES =a 


RDRF 
Receive 
Shift 
Register 
..• 
ROR 
1. 
ReadtheTRCSR 
then 
ROR,when 
RDRF=1 


2. 
1ITS=0 


ORFE 
1. 
Framing 
Error 
(Asynchronous 
Model 
1. 
Read the TRCSR 
then 
ROR, 
when 
ORFE=1 
Stop 
Bit = a 
2. 
RES=O 


2. 
Overrun 
Error 
(Asynchronous 
Model 
Receive 
Shift 
Register'" 
RDR when 
SCI 
RORF=1 


TORE 
1. 
Asynchronous 
Mode 
Read the TRCSR 
then 
write 
to the TOR, 


TOR'" 
Transmit 
Shift 
Register 
when 
TORE=1 
2. 
Clocked 
Synchronous 
Mode 
(Notel 
TORE 
should 
be reset 


Transmit 
Shift 
Register 
is "empty" 
after 
the TE set. 
3. 
RES =0 
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ffiNMII 
Ir-J 


I 
I 
I 


@RES 
: 
WID 


I 
I 


I 
I 
I 


:11 


1 


~ 


<i> 
STBY 
I 


( 
I 
I 
I 
------ 
•..•, 
I 
I 


I 
I 
I 
I 


I--"i 
~ 


o Save Registers 
0 Oscillator 


o RAM/Port 5 Control 
Start Time 


Register 
Set 
~ 


• 
LOW POWER 
DISSIPATION 
MODE 


The HD630lXO provides two low power dissipation modes; 


sleep and standby. 


• 
SleepMode 
The MCU goes to the sleep mode by SLP instruction execu- 


tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents 
are retained. 
In this mode, the peripherals 


except 
the CPU such as timers, SCI etc. continue 
their func- 


tions. The power dissipation of sleep-<:ondition is one fifth that 
of operating condition. 
The MCU returns from this mode by an interrupt, 
RES or 


STBY; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt 
request, it 


cancels the sleep mode, returns 
to the operation 
mode and 


branches 
to the interrupt 
routine. When the CPU masks this 


interrupt, 
it cancels the 
sleep mode and executes 
the next 


instruction. 
However, for example if the timer I or 2 prohibits 


a timer interrupt, 
the CPU doesn't 
cancel the sleep mode be- 


cause of no interrupt request. 


This sleep mode is effective to reduce the power dissipation 


for a system with no need of the HD630IXO's 
consecutive 
operation. 


• 
Standby Mode 
The HD630lXO 
stops all the clocks and goes to the reset 
state with STBY "low. In this mode, the power dissipation is 
reduced conspicuously. 
All pins except for the power supply, 


the STBY and XTAL are detached 
from the MCU internally 


and go to the high impedance state. 


In this mode the power is supplied to the HD630lXO, 
so 
the contents 
of RAM is retained. 
The MCU returns from this 
mode 
during 
reset. The followings are typical 
usage of this 


mode. 


Save the CPU information 
and SP contents on RAM by NMI. 


Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MCU and RAM contents 
are retained properly. 


So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 24 depicts the timing at 
each pin with this example. 


• 
TRAP 
FUNCTION 


The CPU generates 
an interrupt 
with the highest priority 


(TRAP) when fetching an undefmed instruction 
or an instruc- 


tion from non-memory 
space. The TRAP prevents the system- 


burst caused by noise or a program error. 


• 
Op Code Error 
When fetching 
an undefmed 
op code, the CPU saves CPU 


registers as well as a normal interrupt and branches to the TRAP 
(SFFEE, SFFEF). 
This has the priority next to reset. 


• 
Address Error 
When an instruction 
fetch is made excluding internal ROM, 
RAM and external memory area, the MCU generates an inter- 
rupt as well as an op code error. But on the system with no 
memory 
in its external 
memory 
area, 
this function 
is not 


applicable if an instruction fetch is made from the external non- 


memory 
area. Table 12 provides addresses where 
an address 
error occurs to each mode. 


This function 
is available only for an instruction 
fetch and 
is not applicable to the access of normal data read/Write. 


Mode 
1 
2 
3 


$ססoo 
$ססoo 
$0000 
I 
I 
I 


Address 
$OOlF 
$oolF 
$003F 
$0100 


I 
$EFFF 
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(Note) 
The 
TRAP 
interrupt 
provides 
a retry 
function 
different- 


ly from 
other 
interrupts. 
This 
is a program 
flow 
return 


to the 
address 
where 
the 
TRAP 
occurs 
when 
a sequence 


returns 
to 
a 
main 
routine 
from 
the 
TRAP 
interrupt 


routine 
by RTI. 
The 
retry 
can prevent 
the 
system 
burst 


caused 
by noise etc. 


However, 
if another 
TRAP 
occurs, 
the 
program 
repeats 
the 
TRAP 
interrupt 
forever, 
so 
the 
consideration 
is 
necessary 
in programming. 


• 
INSTRUCTION 
SET 
The 
HD630 
IXO 
provides 
object 
code 
upward 
compatible 


with 
the 
HD680 
I 
to 
utilize 
all 
instruction 
set 
of 
the 


HMCS6800. 
It also reduces 
the 
execution 
times 
of key instruc- 
tions 
for throughput 
improvement. 


Bit 
manipulation 
instruction, 
change 
instruction 
of 
the 
index 
register 
and 
accumulator 
and 
sleep 
instruction 
are 
also 
added. 
The followings 
are explained 
here. 
CPU Programming 
Model 
(refer 
to Fig. 25) 


Addressing 
Mode 
Accumulator 
and Memory 
Manipulation 
Instruction 


(refer 
to Table 
13) 
New Instruction 
Index 
Register 
and Stack 
Manipulation 
Instruction 


(refer 
to Table 
14) 
Jump 
and Branch 
Instruction 
(refer 
to Table 
15) 
Condition 
Code 
Register 
Manipulation 


(refer 
to Table 
16) 
Op Code 
Map (refer 
to Table 
17) 


• 
Programming 
Model 
Fig.25 
depicts 
the 
HD630lXO 
programming 
model. 
The 
double 
accumulator 
D consists 
of 
accumulator 
A and 
B, 
so 
when 
using 
the 
accumulator 
D, the 
contents 
of 
A and 
Bare 
destroyed. 


[ 
':. 
0l.J~ 
~ 
~ 


I" 
01 
lndr> R~9'"'' 
'XI 


I" 
SP 
01 


' 


1s 
PC 
01 
Pr09"•••• eo ••••',..IPCl 


, 
0 


~ 


1 
•.• 
I 
III 1 
"C 
Con", ••onCOd~l'l'9,,,.,CCCRI 


c.'yIBOO-'O •••hOM MS8 


0.,.<1'0'" 


Z._o 
•.••~"v. 
Inl'''''P' 
•.••,. c."y 
If.o'" 
8<1)1 


• 
CPU Addressing 
Mode 


The 
HD630 
IXO provides 
7 addressing 
modes. 
The addressing 


mode 
is decided 
by 
an 
instruction 
type 
and 
code. 
Table 
13 
through 
17 
show 
addressing 
modes 
of 
each 
instruction 
with 
the execution 
times 
counted 
by the machine 
cycle. 
When 
the 
clock 
frequency 
is 4 MHz, 
the 
machine 
cycle 
time 
becomes 
microseconds 
directly. 


Accumulator 
(ACCX) 
Addressing 
Only 
an accumulator 
is addressed 
and 
the 
accumulator 
A or 


B is selected. 
This is a one-byte 
instruction. 


Immediate 
Addressing 
This 
addressing 
locates 
a 
data 
in 
the 
second 
byte 
of 
an 
instruction. 
However. 
LDS and LDX locate 
a data 
in the second 
and 
third 
byte 
exceptionally. 
This 
addressing 
is a 2 or 3-byte 


instruction. 
Direct 
Addressing 
In 
this 
addressing 
mode, 
the 
second 
byte 
of 
an 
instruc- 
tion 
shows 
the 
address 
where 
a data 
is stored. 
256 
bytes 
($0 


through 
$255) 
can 
be 
addressed 
directly. 
Execution 
times 


can be reduced 
by storing 
data 
in this area so it is recommended 


to make 
it RAM 
for users' 
data 
area 
in configurating 
a system. 


This 
is a 2-byte 
instruction, 
while 
3-byte 
with 
regard 
to AIM, 


OIM, ElM and TIM. 
Extended 
Addressing 
In this 
mode, 
the 
second 
byte 
shows 
the 
upper 
8 bit of the 
data 
stored 
address 
and 
the 
third 
byte 
the 
lower 
8 bit. 
This 


indicates 
the 
absolute 
address 
of 
3-byte 
instruction 
in 
the 


memory. 
Indexed 
Addressing 
The 
second 
byte 
of an instruction 
.and the lower 
8 bit of the 


index 
register 
are 
added 
in this 
mode. 
As for AIM, 
OIM, 
ElM 
and 
TIM, 
the 
third 
byte 
of an instruction 
and 
the 
lower 
8 bits 
of the index 
register 
are added. 


This 
carry 
is added 
to the upper 
8 bit of the 
index 
register 
and 
the 
result 
is used 
for addressing 
the memory. 
The modified 
address 
is retained 
in the temporary 
address 
register, 
so the con- 


tents 
of 
the 
index 
register 
doesn't 
change. 
This 
is a 2-byte 


instruction 
except 
AIM, 
OIM, 
ElM 
and 
TIM 
(3-byte 
instruc- 


tion). 


Implied 
Addressing 


An 
instruction 
itself 
specifies 
the 
address. 
That 
is, 
the 


instruction 
addresses 
a stack 
pointer, 
index 
register 
etc. This is a 
one-byte 
instruction. 


Relative 
Addressing 
The 
second 
byte 
of 
an 
instruction 
and 
the 
lower 
8 bits 
of 


the 
program 
counter 
are added. 
The carry 
or borrow 
is added 
to 


the 
upper 
8 bit. 
So addressing 
from 
-126 
to + 129 byte 
of the 


current 
instruction 
is enabled. 
This is a 2·byte 
instruction. 


(Note) 
CLI, SEllnstructions 
and Interrupt 
Operation 


When 
accepting 
the 
IRQ at a preset 
timing 
with 
the CLI and 
SEI instructions, 
more 
than 
2 cycles 
are necessary 
between 
the 


CLI 
and 
SEI instructions. 
For example. 
the 
following 
program 
(a) (b) don't 
accept 
the IRQ but 
(c) accepts 
it. 


CLI 
NOP 
NOP 
SEI 


CLI 
NOP 
SEI 


The 
same 
thing 
can 
be 
said 
to 
the 
TAP 
instruction 


instead 
of the CLI and SEI instructions. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Condition 
Code 


Addressing 
Modes 
Register 


Operations 
Mnemonic 
Boolean/ 


IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 
I 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A" 
M ....•A 
I · 


I 
I 
I 
I 


ADDS 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B-+M-B 
I · 


I 
I 
I 
I 


Add Double 
ADDD 
C3 
3 
3 
D3 
4 
2 
E3 
5 
2 
F3 
5 
3 
A 
8 .• M: 
M-+l-A:B 
·· 


I 
I 
I 
I 


Add Accumulators 
A8A 
18 
1 , 
A -+ 8- 
A 
I · 


I 
I 
I 
I 


Add With 
Carry 
AOCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A .• M"C-A 
I · 


: 
I 
I 
I 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M"C-B 
I · 


I 
I 
I 
I 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
·· 


I 
I 
A · 
AND8 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B'M- 
8 
·· 


I 
I 
A · 
Bit Test 
BIT 
A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
·· 


I 
I 
A · 
BIT 
B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
·· 


I 
I 
A · 
CI.ar 
CLA 
6F 
5 
2 
7F 
5 
3 
00- 
M 
·· 
A 
5 
A 
A 


CLRA 
4F 
I 
I 
00 ...• A 
·· 
A 
5 
A 
A 


CLRB 
5F 
I 
I 
00 - 
a 
·· 


A 
5 
A 
A 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
B1 
4 
3 
A-M 
·· 


I 
I 
I 
I 


CMPa 
C' 
2 
2 
D, 
3 
2 
El 
4 
2 
F1 
4 
3 
B-M 
·· 


I 
I 
I 
I 


Compare 
CBA 
" , 
1 
A-B 
·· 


I 
I 
I 
I 
Accumulators 


Complement, 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 


I 
I 
A 
5 


COMA 
43 
1 
1 
A-A 
·· 


I 
I 
A 
5 


COMB 
53 
1 
I 
B -B 
·· 


I 
I 
A 
5 


Complement,2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I 
I , ~ 


(Nltgatel 
NEGA 
40 , I 
00 - A ....•A 
·· 


I 
I 
(j)(j) 


NEGS 
50 
1 
I 
OO-B-B 
·· 
I 
I (j)(j) 


Decimal 
Adjust, 
A 
DAA 
19 
2 
1 


Con .•..erts binary 
add of aCD ·· 


I 
I 
I (j) 


characters 
IntO BCD format 


Decrement 
DEC 
SA 
6 
2 
7A 
6 
3 
M -,-M 
·· 
I 
I 0' 


DECA 
4A 
1 
1 
A -1 
....•A 
·· 


I 
I 0' 


OEca 
5A 
I 
I 
a -, 
- 
B 
·· 


I 
I 0· 


Exclusive 
OR 
EORA 
88 
2 
2 
9B 
3 
2 
A8 
4 
2 
B8 • 
3 
Act> 
M ....•A 
·· 
I 
I 
A · 
EORa 
C8 
2 
2 
DB 
3 
2 
E8 
4 
2 
FB 
4 
3 
a<±> 
M ....• a 
·· 


I 
I 
A · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+1-M 
·· 


I 
I (j) • 


INCA 
4C 
1 
I 
A" 
1 ....• A 
·· 


I 
I (j) • 


INCa 
5C 
1 
1 
a 
-+ 1 ....•a 
·· 


I 
I (j). 


Loed 
LoAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M-A 
·· 


I 
I 
A · 
Accumulator 
LDAS 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M _ 
B 
·· 


I 
I 
A · 
Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 ...• a, M- 
A 
·· 


I 
I 
A · 


Accumulator 


Multiply 
Unsigned 
MUL 
3D 
7 
1 
Axa-A:B 
···· 
• 
(i} 


OR, 
Inclusiw 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
·· 


I 
I 
A · 
OAAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
8 +M 
....• B 
·· 


I 
I 
A · 
Push Deta 
PSHA 
36 
4 
1 
A ...• M$P, SP - 
1 ....•SP 
······ 
PSHa 
37 
4 , a - 
M$p, SP - 
1 ....•SP 
······ 
Pull Data 
PULA 
32 
3 
I 
SP+ 
l-SP,Mw-A 
······ 
PULa 
33 
3 
I 
SP + 1 ....•SP, Mw 
....•a 
······ 
Rotata 
Laft 
AOL 
69 
6 
2 
79 
6 
3 
~) 4J4i 
t I I I I I 
·· 


I 
I @ 
I 


AOLA 
49 
1 
1 
li4I ·· 


I 
I 
(j) 
I 


AOL8 
59 
1 
1 
8 
C 
b7 
bO ·· 


I 
I 
('§I 
I 


Rotate 
Right 
AOA 
66 
6 
2 
76 
6 
3 
~lbi, 
jJ ·· 


I 
I , I 


RORA 
46 
I 
I 
I III 
I I ·· 


I 
I 
@ 
I 


8 
C 
bl 
bO 


RQRB 
56 
I 
1 
·· 


I 
I 
@ 
I 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Addressing 
Modes 
Condition 
Code 
Register 


Operations 
Mnemonic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Booleanl 
5 
4 
3 
2 
1 
0 
Arithmetic 
Operation 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Shift 
Leh 
AsL 
68 
6 
2 
78 
6 
3 
M 
j 
_ 
·· 


I , , 


Arithmetic 
ASLA 
48 
1 
1 
A 
~ 
fill! 
II 
~o ··, , lID' 


ASlB 
68 , 
1 
8 
C 
b1 
be ··, , 
6 , 


Double 
Shih 
ASlO 
05 
1 
1 
~ 
ACC AI ACC 8 
~O ··, , 
6 , 


Lett. 
Arithmetic 
11.1 
11.081 
80 


Shih 
Right 
AsR 
67 
6 
2 
77 
6 
3 
~)1;(,lIlT, 
I 1+0 ·· 


I , 6 , 


Arithmetic 
ASRA 
47 
1 
1 
·· 
I , 6 
I 


ASRB 
57 
1 
1 


8 
b7 
be 
C ·· 


I , 
6 , 


Shih 
Right 
LsR 
64 
6 
2 
74 
6 
3 
Ml 
- 
·· 


R I 
6 , 


logial 
lSRA 
44 
1 
1 
A 0..-1 lllllll~ 
·· 


R 
I @, 


lSRB 
54 , 
1 
8 
b1 
be 
·· 


R I 
6 , 


Double 
Shih 
lSRD 
04 , 
1 
0-+1 
ACC AI ACe B I-o(J ·· 


R I<§: , 
Right 
logical 
., 
11.0 87 
8. 
e 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
Bl 
4 
3 
A_ 
M 
··, , R · 
Accumulator 
STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B_M 
·· 
I I 
R · 
Store Double 
sTD 
DD 
4 
2 
ED 
5 
2 
FO 
5 
3 
A_M 
·· 
I I 
R · 


Accumulator 
B _ 
M + 1 


Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AD 
4 
2 
BO 
4 
3 
A-M 
_A 
·· 


I I , , 


SUB8 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M_B 
·· I I , , 


Double 
Subtract 
SUBD 
B3 
3 
3 
93 
4 
2 
A3 
5 
2 
B3 
5 
3 
A: 
8 - M :M+1-A:B 
·· 


I I , , 


Subtract 
sBA 
10 
1 
1 
A-B-A 
·· I I I , 


Accumulators 


Subtract 
S8CA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
··, I , , 


With 
earr.,. 


sBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M 
C-B 
·· I I I , 


Transfer 
TAB 
16 , 
1 
A-B 
·· 


I I 
R · 
Accumulators 
TBA 
17 
1 
1 
B _ 
A 
·· I , 
R · 
Test Zero or 
TsT 
6D 
4 
2 
7D 
4 
3 
M -00 
·· 


I , 
R 
R 


Minus 
TSTA 
4D 
1 
1 
A - 00 
·· 


I I 
R 
R 


TSTB 
5D 
1 
1 
B - 
00 
··, I 
R 
R 


And 
Immediate 
AIM 
71 
6 
3 
6' 
7 
3 
M·tMM----M 
• • I I 
R • 


OR Immediate 
OIM 
72 
6 
3 
62 
7 
3 
M+IMM-M 
• • I 
t 
R • 


EOR Immediate 
ElM 
75 
6 
3 
65 
7 
3 
M'£IMM 
____ 
M 
• • 
1 
t 
R • 


Test 
Immediate 
TIM 
7B 
4 
3 
6B 
5 
3 
M·IMM 
•· 


I 
t 
R · 
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• 
Additional 
Instruction 


In addition 
to the HD6801 instruction 
set, the HD630lXO 


prepares the following new instructions. 


AIM 
(M)-(IMM) ~ (M) 


Executes "AND" 
operation 
to immediate data and the 


memory contents and stores its result in the memory. 


OIM 
(M) + (IMM) ~ (M) 


Executes 
"OR" 
operation 
to immediate 
data and the 


memory contents and stores its result in the memory. 


ElM . . . . . . . (M)e (IMM) -+ (M) 


Executes "EOR" 
operation 
to immediate data and the 


memory contents and stores its result in the memory. 


TIM . . . . . . . (M) - (IMM) 


Executes 
"AND" 
operation 
to 
immediate 
datJl and 
changes the relative flag of the condition code register. 


These area 3-byte instructions; 
the first byte is op code, the 


second immediate data and the third address modifier. 


XGDX ..... 
(ACCD) •....•(IX) 


Exchanges the contents 
of accumulator 
and the index 


register. 


Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPATION MODE" for more details of the sleep mode. 


Addressing 
Modes 
Condition 
Code 


Booleanl 
Register 
Pomter 
Operations 
Mnemon+e 
IMMED. 
DIRECT 
INDEX 
EXTENO 
IMPLIED 
Arithmetic 
Operation 
5 • 
3 
2 
1 
0 


OP .. 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Compare 
Indele Reg 
CPX 
8C 
3 
3 
BC 
4 
2 
AC 
5 
2 
8C 
5 
3 
X-M:M+l 
·· 


I I I I 


Decrement 
Index 
Reg 
OEX 
09 
1 
1 
X -1- 
X 
··· 
I ·· 
Decrement 
Stack Pntr 
OE5 
3' 
1 
1 
SP - 
1 ...• SP 
······ 
Increment 
Index 
Reg 
INX 
08 
1 
1 
X 
-+ 1 ....•X 
··· 
I ·· 
Increment 
Stack 
Pntr 
INS 
31 , 
1 
SP+l 
....•SP 
······ 
L~d 
Inde J( Reg 
LOX 
CE 
3 
3 
DE • 
2 
EE 
5 
2 
FE 
5 
3 
M ....•XH. fM+ 
0 ....•XL ·· 


<V I 
R · 
Load 
Stack 
Pntr 
LOS 
8E 
3 
3 
BE • 
2 
AE 
5 
2 
8E 
5 
3 
M ....•Sf •.•. (M+lI 
....•SPL ·· 
<V I 
R · 
Store 
Indell 
Reg 
STX 
OF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M.XL-IM+lI 
·· 


<V I 
R · 
Store 
Stack 
Pntr 
STS 
9F 
4 
2 
AF 
5 
2 
8F 
5 
3 
SPH ....•M. SPL ....•eM -+ 11 ·· 
CD I 
R · 
Indel( 
Reg ...• Stack Pntr 
TXS 
35 
1 
1 
X-'-sP 
······ 
Stack Pntr ...• Indell 
Reg 
TSX 
30 
1 
1 
Sp -+, .... X 
······ 
Add 
A8X 
3A 
1 
1 
B -+ X ....•X 
······ 
Push 
Data 
PSHX 
3C 
5 , 
XL ....•Mil). 
SP - 
1 ....• SP ······ 
XH"" 
MIP. 
SP 
- 
1 -. 
Sp 


Pull 
Data 
PULX 
38 
4 
1 
SP 
-+ 1 ...• SP. MIP ....•XH ······ 
SP. , ...•SP.MIP 
...• XL 


Exchange 
XGDX 
18 
2 , 
ACCD··IX 
·• • • • • 
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Addr@ssing Mod@s 
Condition 
Cod@ 
Register 


Opetltions 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Branch Test 
5 
4 
3 
2 
1 
0 


OP - " 


OP - " 


OP - " 


OP - " 


OP - " 
H 
I 
N 
Z 
V 
C 


Brench AlwlVs 
BRA 
20 
3 
2 
None 
······ 
Brlnch 
Never 
BRN 
21 
3 
2 
None 
······ 
Brlneh 
If Cerry 
Cl.r 
BCC 
24 
3 
2 
C-O 
······ 
Brlnch 
If CIIrry 
Set 
BCS 
25 
3 
2 
C - 
1 
······ 
Brlnch 
If - Zero 
BEO 
27 
3 
2 
Z'1 
······ 
Brench 
If > Zero 
BGE 
2C 
3 
2 
N (!) V- 
0 
······ 
Brlnch 
If > Zero 
BGT 
2E 
3 
2 
Z + (N (!) VI 
- 0 
······ 
Brlnch 
If Higt'ter 
BHI 
22 
3 
2 
C+Z-O 
······ 
Brlnch 
If < Zero 
BLE 
2F 
3 
2 
Z + IN (!) VI 
• 
1 
······ 
Brlnch 
If Lower 
Or 
BLS 
23 
3 
2 
C+Z-' 
······ 
Som. 


B,.nch 
If < Zero 
BLT 
20 
3 
2 
N@V-' 
······ 
Brench 
If Minus 
BM. 
2B 
3 
2 
N'1 
······ 
Brlnch 
If Not 
EquII 
BNE 
26 
3 
2 
ZoO 
······ 


Zero 


Brench 
If Overflow 
BVC 
2B 
3 
2 
V-O 
······ 
Clear 


Branch 
If O..,.rftow 
Set 
BVS 
29 
3 
2 
V-I 
······ 
Brench 
If Plus 
BPL 
2A 
3 
2 
N-O 
······ 
Brlnch 
To Subroutine 
BSR 
BO 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump 
To Subroutine 
JSR 
90 
5 
2 
AD 
5 
2 
BO 
6 
3 
······ 


No Operetion 
NOP 
0' 
1 , 
AdVlnces 
Prog. Cntr. ······ 
Only 


Return 
From 
Interrupt I 
RTf 
3B 
10 
1 
--@ -- 


Return 
From 
RTS 
39 
5 
1 
······ 


Subroutine 


Software 
Interrupt 
SWI 
3F 
'2 
1 
· 


S ···· 
Wlit 
for Interrupt- 
WA' 
3E 
9 
1 
· 


® • ··· 
Sleep 
SlP 
'A 
4 
1 
• ··• • • 
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~ddressingModes 
CondItion 
Code 
Register 


Oper.tions 
Mnemonic 
IMPLIED 
Boolean 
Operation 
5 
4 
3 
2 
1 
0 


OP 
- 
# 
H 
I 
N 
Z 
V 
C 


C~.r 
Carry 
CLC 
OC 
1 , 
O-C 
· · · · · 


A 
C".r Interrupt 
Muk 
CLI 
OE 
1 
1 
0-1 
· 


A · · · · 
Cle.r 
Overflow 
CL\4 
OA 
1 , 
O-V 
· · · · 


A · 
Set Carry 
SEC 
00 
1 
1 
l-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
1 , 
, -I 
· 


S · · · · 
Set O ••• rflow 
SEV 
OB 
1 , 
I-V 
· · · · 
S · 
Accumulator 
A ....•CCR 
TAP 
06 
1 , 
A ....• CCR 
--- 
®--- 


CCR 
....•Accumulator 
A 
TPA 
07 
1 
1 
CCA 
-. 
A 
·1·1·1'·1·1· 


LEGEND 


OP 
Operation Code (Hexadecimal) 
Number of MCU Cycles 


MSp 
Contents of memory location pointed to by Stack Pointer 


# 
Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 


• 
Boolean AND 


+ 
Boolean Inclusive OR 


19 
Boolean Exclusive OR 


M 
Complement of M 
Transfer into 
OBit 
= Zero 


00 
Byte = Zero 


CONDITION 
CODE 
SYMBOLS 
H 
Half-carry from bit 3 to bit 4 


I 
Interrupt mask 
N 
Negative (sign bit) 
Z 
Zero (byte) 
V 
Overflow, 2's complement 


C 
Carry/Borrow from/to 
bit 7 


R 
Reset Always 
S 
Set Always 
t 
Set if true after test or clear 
Not Affected 


(Note) 
Condition Code Register Notes: 
(Bit set if test is true and cleared otherwise) 


<D 
(Bit V) 
Test: 
Result = 10000000? 


8) 
(Bit CI 
Test: 
Result" 
OOOOOOOO? 


@ 
(Bit C) 
Test: 
BCD Character of high~rder 
byte greater than 10? 
(Not cleared if previously set I 


@) 
(Bit V) 
Test: 
Operand = 10000000 
prior to execution? 


® 
(Bit V) 
Test: Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: 
Set equal to Nt! C = 1 after the execution of instructions 


(j) 
(Bit N) 
Test: 
Result lessthan zero? (Bit 15=1) 


® 
(All Bid 
Load Condition Code Register from Stack. 


® 
(Bit II 
Set when interrupt occurs. If previously set, a Non·Maskable Interrupt is required to exit the wait state. 


@ 
(All Bit) 
Set according to the contents of Accumulator A. 


@ 
(Bit C) 
Result of Multiplication 
Bit 7=1? (ACCB) 


OP 
ACC 
Ace 
I~ 


ACCA 
or 
SP 
ACCB 
or 
X 


IND 


CODE 
A 
B 
DIR 
IMM 
I 
DIR 
I 
IND 
I 
EXT 
IMM 
1 DIR 
I 
IND 
I 
EXT 


I~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 I 
1001 I 
1010 I 1011 
1100 I 1101 I 1110 I 1111 


LO 
0 
I 
2 
3 
4 
5 
6 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
o 
I 
E 
I 
F 


סס oo 
0 ~ 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
I 
NOP 
CBA 
BRN 
INS -- 
I 
AIM 
CMP 
I 


0010 
2 ~ 
~ 
BHI 
PULA -- 
I 
DIM 
SBC 
2 


0011 
3 ~ 
~ 
BLS 
PULB 
COM 
SUBD 
I 
ADDD 
3 


0100 
4 
LSRD 
~ 
BCC 
DES 
LSR 
AND 
4 


0101 
5 
ASLD .--- 


BCS 
TXS -- 
I 
ElM 
BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
BED 
PSHB 
ASR 
.---1 
STA 
~I 
STA 
7 


1000 
8 
INX 
XGDX 
BVC 
PULX 
ASL 
EOR 
8 


1001 
9 
DEX 
DAA 
BVS 
RTS 
ROL 
ADC 
9 


1010 
A 
CLV 
SLP 
BPL 
ABX 
DEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
RTI -- 
I 
TIM 
ADD 
B 


1100 
C 
CLC 
~ 
BGE 
PSHX 
INC 
CPX 
LDD 
C 


1101 
0 
SEC 
~ 
BLT 
MUL 
TST 
BSR I 
JSR 
.--- 
I 


STD 
0 


1110 
E 
CLI 
~ 
BGT 
WAI 
'---~I 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
~ 
BLE 
SWI 
CLR 
~I 
STS 


________ 
I 


STX 
F 


0 
I 
2 
3 
4 
I 
5 
I 
6 
I 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
DIE 
I 
F 


UNDEFINED 
OP CODE 
C2:J 


e Only each instructions of AIM, OIM, ElM, TIM 


@HITACHI 


Hitachi 
America 
Ltd. 
• 
2210 O'Toole 
Ave. 
• 
San Jose, 
CA 95131 
• 
(408) 435-8300 


• 
CPU Instruction Flow 
When operating, 
the 
CPU fetches 
an instruction 
from a 


memory 
and executes 
the 
required 
function. 
This sequence 


starts 
with 
RES cancel 
and repeats 
itself limitlessly 
if not 


affected by a special instruction 
or a control signal. SWI, RTI, 


WAI and SLP instructions 
change this operation, 
while NMI, 


IRQ., 
IRQ" 
IRQ" 
HALT and STBY control it. Fig. 26 gives 
the CPU mode transition 
and Fig. 27 the CPU system flow 


chart. Table 18 shows CPU operating states and port states. 


• 
Operation at Each Instruction Cycle 
Table 
19 shows the 
operation 
at each instruction 
cycle. 
By the pipeline control of the HD630IXO, MULT, PUL, DAA 
and 
XCDX 
instructions 
etc. prefetch 
the 
next 
instruction. 


So attention 
is necessary to the counting 
of the instruction 


cycles because it is different 
from the usual one ..... op code 


fetch to the next instruction of code. 


Port 
Mode 
Reset 
STBY" """ 
HAL P"" 
Sleep 


Port 1 
Mode 1,2 
H 
T 
H 
T 
IA. 
-A,I 
Mode 3 
T 
-- 
Keep 


Port 2 
Mode 1,2 


T 
T 
Keep 
Keep 


Mode 3 
--- 


Port 3 
Mode 1,2 
T 
T 


10. -0,1 
T 
T 
---- 
Mode 3 
Keep 


Port 4 
Mode 1,2 
H 
T 
H 


(AI -A,s) 
T 
--- 
Mode 3 
T 
Keep 


Mode 1,2 
T 
Port 5 
T 
T 
T 


Mode 3 
-- 
Mode 1,2 
T 
T 
Keep 
Keep 
Port 6 
Mode 3 
--- 


Mode 1,2 
" 
"" 
" 
Port 7 
T 
--- 
Mode 3 
T 
Keep 


H; 
High, 
L; 
Low, 
T; 
High Impedance 
RD, WR, RtW, L1R=H, BA=L 
RD, WR, RtW=T, 
L1R, BA~H 


HALT 
is unacceptable 
in mode 3. 
E pin goes to high impedance 
state. 
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I 
iii 
1m; 
0:!. 
pc.! 


» 
,- , 


3 


pc·, 


~o' 
III!: 
c. 
• 
I\) 
~ 
0 
0 
oi 
~@ 
~:I 
CD 
_ 


• ~ 


(IJ (') 
III :I 
::l 
C-o 
CJl 
.CD 


(Note) 
1. The program sequence will 
come to the RES start from 


any 
place of 
the flow 
during 
RES. When STBY=O, the 
sequence 
will go into the standby 
mode 
regardless 
of the 
CPU 


condition. 


2. 
Refer 
to 
"FUNCTIONAL 
PIN 
DESCRIPTION" 
for 
more 
details of interrupts. 


ADC 
ADD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Operand 
Data 
AND 
BIT 
2 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
CMP 
EDR 
2 


LOA 
ORA 
SBC 
SUB 


AODD 
CPX 
, 
Op Code Address+ 
1 
1 
0 
1 
1 
Operand 
Data 
(MSBj 
LOO 
LOS 
3 
2 
Op Code Address + 2 
1 
0 
1 
1 
Operand 
Data 
lLSBl 


LOX 
SUBD 
3 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


ADC 
ADD 
, 
Op Code 
Address+ 
1 
1 
0 
1 
1 
Address of Operand (LSB) 


AND 
BIT 
2 
Address of Operand 
1 
0 
1 
1 
Operand 
Data 
CMP 
EOR 
3 
3 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
LOA 
ORA 
SBC 
SUB 


STA 
, 
Op Code Address + 1 
, 
0 
" 
1 
DestinatIon Address 


3 
2 
Destmatlon Address 
0 
1 
0 
1 
Accumulator 
Data 
3 
Op Code Address 4- 2 
1 
0 
1 
0 
Next Op Code 
ADDO 
CPX 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (LSBl 
LOD 
LOS 
2 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 


LOX 
SUBO 
4 
3 
Address of Operand + 1 
1 
0 
1 
1 
Operand Data (LSBl 


4 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
STO 
STS 
1 
Op Code 
Address+ 
1 
1 
0 
1 
1 
DestInation Address (LSBI 


STX 
4 
2 
Destination Address 
0 
1 
0 
1 
Register Data (MSB) 


3 
Destination 
Address 
+ 1 
0 
1 
0 
1 
Register Data (LSBl 


4 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Jump Address (LSBj 


2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address (LSBl 


4 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address (MSB) 


5 
Jump Address 
1 
0 
1 
0 
First Subroutine 
Op Code 
TIM 
, 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 


2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 
4 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 


4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
AIM 
ElM 
, 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 
OIM 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSBI 


3 
Address of Operand 
1 
0 
, 
, 
Operand Data 
6 
4 
FFFF 
1 
1 
, 
, 
Restart Address (LSB) 


5 
Address of Operand 
0 
1 
0 
, 
New Operand Data 
6 
Op Code Address+ 3 
1 
0 
1 
0 
Next Op Code 
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JMP 
, 
Op 
Code 
Address+ 
1 
1 
0 
1 
1 
Offset 
3 
2 
FFFF 
1 
1 
1 
, 
Restart 
Address 
(LSBj 


3 
Jump 
Address 
1 
0 
1 
0 
First Op Code of Jump Routine 


ADC 
ADD 
, 
Cp 
Code 
Address+ 
1 
1 
0 
1 
, 
Offset 
AND 
BIT 
2 
FfFF 
1 
1 
1 
, 
Restart 
Address 
(lSB) 
CMP 
EOR 
3 
IX+ Offset 
1 
0 
1 
, 
Operand 
Data 


LOA 
ORA 
4 
4 
Op 
Code 
Address 
+ 2 
1 
0 
1 
0 
Next 
Op 
Code 
SBC 
SUB 
TST 
STA 
1 
ap Code 
Address+ 
1 
1 
0 
1 
1 
Offset 


2 
FFFF 
, 
1 
1 
1 
Restart 
Address 
(lSBI 
4 
3 
IX + Offset 
0 
1 
0 
1 
Accumulator 
Data 


4 
Cp 
Code 
Address 
+ 2 
, 
0 
, 
0 
Next 
ap Code 


ADDD 
1 
Op 
Code 
Address 
+ , 
, 
0 
, 
, 
Offset 


CPX 
LDD 
2 
FFFF 
, 
1 
1 
, 
Restart 
Address 
(LSB) 


LOS 
LOX 
5 
3 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 
(MSB) 
SUBD 
4 
IX+Offset+ 
1 
, 
0 
1 
1 
Operand 
Data 
(LSB) 


5 
ap Code 
Address 
+ 2 
, 
0 
1 
0 
Next 
Op 
Code 


STD 
STS 
, 
Cp 
Code 
Address 
+ , 
, 
0 
1 
1 
Offset 
STX 
2 
FFFF 
, 
1 
1 
1 
Restart 
Address 
(lSB) 


5 
3 
IX+Offset 
0 
1 
0 
1 
Register 
Data 
(MSBI 


4 
IX+Offset+ 
1 
0 
1 
0 
, 
RegIster 
Data 
(LSB) 


5 
Cp 
Code 
Address 
+ 2 
1 
0 
1 
0 
Next ap Code 
JSR 
, 
Cp 
Code 
Address 
+ 1 
1 
0 
1 
1 
Offset 
2 
FFFF 
, 
, 
1 
1 
Restart 
Address 
(LSB) 


5 
;l 
Stack 
POinter 
0 
, 
0 
, 
Return 
Address 
(lSB) 


4 
Stack 
POinter 
- 
1 
0 
1 
0 
1 
Return 
Address 
(MSB) 


5 
IX + Offset 
1 
0 
1 
0 
First 
Subroutine 
Op 
Code 


ASL 
ASR 
, 
Op 
Code 
Address+ 
1 
1 
0 
, 
1 
Offset 
COM 
DEC 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSB) 
INC 
LSR 
6 
3 
IX+Offset 
1 
0 
, 
, 
Operand 
Data 
NEG 
ROL 
4 
FFFF 
1 
1 
1 
, 
Restart 
Address 
(LSB) 


RoR 
5 
IX+Offset 
0 
1 
0 
, 
New 
Operand 
Data 


6 
Op 
Code 
Address 
+ 2 
1 
0 
1 
0 
Next 
Op 
Code 
TIM 
1 
Op 
Code 
Address 
+ 1 
1 
0 
1 
1 
Immediate 
Data 


2 
Op 
Code 
Address 
+ 2 
, 
0 
1 
1 
Offset 


5 
3 
FFFF 
1 
1 
, 
1 
Restart 
Address 
(LSB) 


4 
IX + Offset 
, 
0 
, 
1 
Operand 
Data 


5 
Op 
Code 
Address 
+ 3 
, 
0 
, 
0 
Next 
Op 
Code 
CLR 
1 
Op 
Code 
Address 
+ 1 
1 
0 
, 
, 
Offset 


2 
FFFF 
, 
1 
, 
, 
Restart 
Address 
(lSB) 


5 
3 
IX + Offset 
1 
0 
1 
, 
Operand 
Data 


4 
IX+Offset 
0 
, 
0 
1 
00 


5 
Op 
Code 
Address 
+ 2 
1 
0 
1 
0 
Next 
Op 
Code 
AIM 
ElM 
, 
Op 
Code 
Address 
+ 1 
1 
0 
1 
1 
Immediate 
Data 
OIM 
2 
Op 
Code 
Address+2 
1 
0 
, 
1 
Offset 


3 
FFFF 
1 
1 
, 
1 
Restart 
Address 
(LSBI 


7 
4 
IX+Offset 
, 
0 
1 
, 
Operand 
Data 


5 
FFFF 
, 
, 
1 
, 
Restart 
Address 
(LSB) 


6 
IX+Otfset 
0 
, 
0 
1 
New 
Operand 
Data 


7 
Op 
Code 
Address 
+ 3 
1 
0 
, 
0 
Next 
Op 
Code 
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JMP 
1 
ap Code Address + 1 
1 
0 
1 
1 
Jump Address (MSB) 
3 
2 
ap Code 
Address+2 
1 
0 
1 
1 
Jump Address (LSBl 
3 
Jump Address 
1 
0 
1 
0 
Next 
Op Code 


ADC 
ADD 
TST 
1 
Cp Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSB) 


AND 
BIT 
4 
2 
Op Code Address+2 
1 
0 
1 
1 
Address of Operand (LSB) 
CMP 
EOR 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
LDA 
ORA 
4 
Cp Code 
Address+3 
1 
0 
1 
0 
Next Op Code 


SBC 
SUB 


STA 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Destination Address (MSB) 


4 
2 
Cp Code 
Address+2 
1 
0 
1 
1 
Destination Address (LSB) 


3 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 
4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


ADDD 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSBI 
CPX 
LDD 
2 
Op Code Address+2 
1 
0 
1 
1 
Address of Operand (LSB) 


LDS 
LDX 
5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data {MSBI 
SUBD 
4 
Address of Operand + 1 
1 
0 
1 
1 
Operand Data (LSB) 
5 
Op Code Address+3 
1 
0 
1 
0 
Next Cp Code 


STD 
STS 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Destination Address (MSBj 
STX 
2 
Op Code Address+2 
1 
0 
1 
1 
Destination Address (LSBl 
5 
3 
Destination Address 
0 
1 
0 
1 
Register Data (MSB) 
4 
Destination Address+ 1 
0 
1 
0 
1 
Register Data (lSB) 


5 
Qp Code Address+3 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Jump Address (MSB) 


2 
Op Code Address+2 
1 
0 
1 
1 
Jump Address (lSB) 


5 
3 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


4 
Stack Pointer 
0 
1 
0 
1 
Return Address (lSB) 


5 
Stack Pointer-l 
0 
1 
0 
1 
Return Address (MSB) 
6 
Jump Address 
1 
0 
1 
0 
First Subroutine ap Code 


ASL 
ASR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSB) 
COM 
DEC 
2 
ap Code Address+2 
1 
0 
1 
1 
Address of Operand (lSB) 


INC 
LSR 
6 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 


NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


ROR 
5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 
6 
ap Code Address+3 
1 
0 
t 
0 
Next Op Code 


CLR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSB) 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
4 
Address of Operand 
0 
1 
0 
1 
00 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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ABA 
ABX 
1 
Op 
Code 
Address 
+ 1 
1 
0 
1 
0 
Next Qp Code 
ASL 
ASLD 


ASR 
CBA 


CLC 
CLI 


CLR 
CLV 


COM 
DEC 


DES 
DEX 
INC 
INS 


INX 
LSR 
1 


LSRD 
ROL 


ROR 
NOP 


SBA 
SEC 


SEI 
SEV 


TAB 
TAP 
TBA 
TPA 
TST 
TSX 


TXS 
DAA 
XGDX 
, 
Op Code Address + , 
1 
0 
1 
0 
Next 
Qp 
Code 
2 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
PULA 
PULB 
, 
Op 
Code 
Address 
+ , 
1 
0 
1 
0 
Next Op Code 
3 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBI 


3 
Stack 
Pointer 
+ 1 
1 
0 
1 
1 
Data 
from 
Stack 
PSHA 
PSHB 
1 
Op 
Code 
Address 
+ 1 
1 
0 
1 
1 
Nut 
Qp Code 


2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSB) 
4 
3 
Stack 
POinter 
0 
1 
0 
, 
Accumulator 
Data 


4 
Op 
Code 
Address 
+ 1 
1 
0 
, 
0 
Next 
Qp 
Code 


PULX 
1 
Qp 
Code 
Address 
+ 1 
1 
0 
1 
0 
Next 
ap Code 
2 
FFFF 
1 
, 
, 
, 
Restart 
Address 
(LSBI 
4 
3 
Stack 
POinter + 1 
1 
0 
, 
1 
Data from Stack (MSB) 


4 
Stack 
POinter + 2 
1 
0 
1 
1 
Data 
from 
Stack 
(LSBl 


PSHX 
, 
Op 
Code 
Address 
+ , 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (lSBj 


5 
3 
Stack 
POinter 
0 
1 
0 
1 
Index 
Register 
(LSS) 


4 
Stack 
Pointer 
- 1 
0 
1 
0 
1 
Index Register (MSB) 


5 
Op 
Code 
Address 
+ 1 
1 
0 
1 
0 
Next 
Op 
Code 
RTS 
, 
Op 
Code 
Address 
+ , 
1 
0 
, 
, 
Next Op Code 


2 
FFFF 
1 
1 
1 
, 
Restart 
Address 
(LSB) 


5 
3 
Stack 
POInter + 1 
1 
0 
, 
, 
Return 
Address 
(MSB) 


4 
Stack 
POInter + 2 
1 
0 
, 
1 
Return 
Address 
(LSB) 


5 
Return 
Address 
1 
0 
1 
0 
First Op Code 
of Return 
Routine 
MUL 
, 
Op 
Code 
Address+ 
1 
1 
0 
1 
u 
Next 
Op 
Code 


2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSB) 
3 
FFFF 
1 
, 
1 
1 
Restart 
Address 
(LSB) 


7 
4 
FFFF 
1 
, 
1 
, 
Restart 
Address 
ILSB) 


5 
FFFF 
, 
, 
1 
1 
Restart 
Address 
(LSB) 


6 
FFFF 
, 
1 
1 
1 
Restart 
Address 
(LSBI 


7 
FFFF 
, 
1 
1 
1 
Restart 
Address 
(LSBI 
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WAI 
1 
Op Code Address+ 
1 
, 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
, 
Restart Address (LSBj 
3 
Stack Pointer 
0 
1 
0 
, 
Return Address (LSB) 


4 
Star:k 
Pointer 
- 
1 
0 
, 
0 
, 
Return Address (MSB) 
9 
5 
Stack Pointer - 2 
0 
, 
0 
1 
Index 
Register 
{lSBl 


6 
Stack Pointer - 3 
0 
1 
0 
, 
Index Register (MSB) 


7 
Stack Pointer-4 
0 
1 
0 
, 
Accumulator 
A 
8 
Stack Pointer - 5 
0 
1 
0 
, 
Accumulator 
B 
9 
Stack Pointer - 6 
0 
1 
0 
, 
Conditional 
Code Register 
RT! 
1 
Op Code Address + 1 
1 
0 
, 
, 
Next Op Code 
2 
FFFF 
, 
, 
, 
1 
Restart Address (LSB) 
3 
Stack Pointer + 1 
, 
0 
, 
1 
Conditional 
Code Register 
4 
Stack 
Pointer + 2 
, 
0 
, 
1 
Accumulator 
B 


10 
5 
Stack 
Pointer+3 
, 
0 
1 
, 
Accumulator 
A 
6 
Stack Pointer+4 
1 
0 
1 
, 
Index 
Register 
(MSBl 


7 
Stack Pointer + 5 
1 
0 
, 
, 
Index 
Register 
(LSBj 


8 
Stack Pointer + 6 
1 
0 
, 
, 
Return Address (MSB) 
9 
Stack 
Pointer + 7 
1 
0 
, 
1 
Return Address (LSB) 


'0 
Return Address 
, 
0 
, 
0 
First Op Code of Return Routine 


SWI 
1 
Qp Code Address + 1 
, 
0 
1 
, 
~e)(t Op Code 
2 
FFFF 
, 
1 
, 
, 
Restart Address (LSB) 


3 
Stack Pointer 
0 
1 
0 
, 
Return Address (LSB) 


4 
Stack Pointer-l 
0 
1 
0 
1 
Return Address (MSB) 
5 
Stack Pointer - 2 
0 
, 
0 
1 
Index Register (LSB) 


6 
Stack Pointer - 3 
0 
1 
0 
1 
Index Register (MSB) 
12 
7 
Stack Pointer-4 
0 
, 
0 
1 
Accumulator 
A 
8 
Stack Pointer - 5 
0 
, 
0 
1 
Accumulator 
B 
9 
Stack Pointer - 6 
0 
, 
0 
1 
Conditional 
Code Register 


'0 
Vector Address FFFA 
1 
0 
1 
1 
Addressof SWI Routine(MSBI 


" 
Vector Address FFFB 
1 
0 
1 
1 
Addressof SWI Routine(LSBj 


12 
Address of SWI Routine 
, 
0 
1 
0 
First ap Codeof SWI Routine 


SlP 
1 
Op Code Address + 1 
1 
0 
1 
, 
Next Op Code 
2 
FFFF 
1 
1 
1 
, 
Restart Address (LSBI 


4 
1 


1 
j 
1 
j 
l 


Sleep 
I 
3 
FFFF 
1 
1 
, 
1 
Restart Address (LSBI 
4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


8CC 
BCS 
, 
Op Code Address + 1 
1 
0 
, 
1 
Branch Offset 


8EQ 
8GE 
3 
2 
FFFF 
1 
, 
1 
, 
Restart Address (LSB) 
8GT 
8HI 
3 
IBranchAddress'···'Test="'" 
1 
0 
1 
FIrst Op Code of BranchRoutine 


8lE 
8lS 
OpCodeAddress+ '···Test="O" 
0 
Next Op Code 
8lT 
8MT 


BNE 
8Pl 


BRA 
8RN 
8VC 
8VS 
8SR 
, 
Op Code Address + 1 
, 
0 
, 
, 
Offset 
2 
FFFF 
, 
1 
1 
, 
Restart Address (LSB) 


5 
3 
Stack Pointer 
0 
1 
0 
, 
Return Address (LSB) 


4 
Stack Pointer - 1 
0 
1 
0 
, 
Return Address (MSB) 


5 
Branch Address 
1 
0 
1 
0 
First Op Code of Subroutine 
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• 
PRECAUTION 
TO THE 
BOARD 
DESIGN OF OSCILLA· 
TlON 
CIRCUIT 


As shown 
in 
Fig. 
28, 
there 
is a case that 
the 
cross 
talk 
dis· 


turbs 
the 
normal 
oscillation 
if signal 
lines 
are 
put 
near 
the 
osdllation 
circuit. 
When 
designing 
a board. 
pay 
attention 
to 


this. 
Crystal 
and 
CL 
must 
be 
put 
as 
near 
the HD630IXO 
as 
pos;ible. 


f-20mm max-j 


H06301XO 


IOP·64SI 


• 
RECEIVE 
MARGIN 
OF THE 
SCI 


Receive 
margin 
of 
the 
SCI 
contained 
in 
the HD630 
I XO is 
shown 
in Table 
20. 


Note: 
SCI = Serial Communication 
Interface 


Character 
distortion 
tolerance 
(T-To) ITa 
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HD6301 YO,HD63A01 YO,--- 
HD63B01YO 
CMOS 
MCU (Microcomputer Unit) 


The HD630lYO 
is a CMOS 8-bit single-chip microcomputer 


unit 
which 
contains a CPU compatible 
with 
the CMOS 
8-bit 


microcomputer HD6301 V, 16k bytes of ROM, 256 bytes of RAM, 
53 parallel I/O pins, Serial Communication Interface (SCD and two 
timers. 


• 
FEATURES 
• 
Instruction Set Compatible with the HD6301 V 1 


• 
16k Bytes of ROM, 256 Bytes of RAM 


• 
53 Parallel I/O Pins 
(4B I/O Pins, 5 Output Pins) 


• 
Parallel Handshake Interface IPort 61 
• 
Darlington Transistor Drive IPort 2, 6) 
• 
16-Bit Programmable Timer 


Input Capture Register x 
1 


Free Running Counter x 
1 


Output Compare Register x 2 
• 
8-Bit Reloadable Timer 
External Event Counter 
Square Wave Generation 


• 
Serial Communication Interface (SCII 


Asynchronous Mode 18Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 


• 
Memory Ready 
3 Kinds of Memory Ready 


• 
Halt 
• 
Error Detection 
IAddress Error, Op-code Error! 


• 
Interrupt - 
External 3, Internal 7 


• 
Operation Mode 
Mode 1; Expanded Mode 
IInternal ROM Inhibited) 
Mode 2; Expanded Mode 
(Internal ROM Valid) 
Mode 3; Single Chip Mode 
• 
Maximum 65K Bytes Address Space 
• 
Low Power Dissipation Mode 


Sleep Mode 
Standby Mode (Hardware Standby, Software Standby) 


• 
Minimum Instruction Execution Time - 
0.51"s If = 2MHzl 


• 
Wide Range of Operation 
Vcc=3t05.5V 
If=O.l 
toO.5MHzl 


{ 


f =0.1 to 1.0MHz . HD6301 YO } 


Vcc=5V±10% 
f=O.l 
to 1.5MHz. HD63A01YO 


f =0.1 to 2.0MHz : HD63B01 YO 


IDP-64SI 


• PIN ARRANGEMENT 


V•• 
I 0 


XTAl 
2 
6 p,. 


EXTAl 
3 
62 
P71 
MPo 
4 
61 Pn 


MP, 
P" 


RES 
5 
P" 


STBY , 
5 
P30 


NMI 
8 
j7 
P:J1 


P20 
9 
P" 


P21 
1 
55 P33 


P22 
11 
54 P3. 


P" ~ 
5 
P" 


Pl. 
13 
52 PJ8 


P25~ 
51 
P37 


P28 
15 
5 p,. 


P2] 
16 
HD6301YO 
9 P'l 


PSO 17 
8 Pu 


PSI 
18 
7 PlJ 


PS2 19 
4 
P" 


PS32 
4 
P" 


ps.• 21 
4 
P" 


PS5 
22 
4 
P" 


PSI 23 
2 Vss 


P" 
4 
41 
P<&Q 


Pso 
25 
~ 
Poll 


Pel 
26 
39 P42 


Pel 
27 
38 P43 


Pu 28 
37 p.•..• 


Pe.t 
29 
36 
PolS 


P" 
0 
35 P"e 


Pee 
31 
3 
P" 


P" 
2 
33 Vcc 


ITop View) 
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P2o(Tln 
) 


P2,(Tout, 
) 


P,,(SCLKl 
P23(Rx 
) 


P2.(Tx 
) 


P2s(ToU12) 
P26{ToUl]) 
P,,(TCLKl 


Pso(ilm, 
) 


P,,(ilm, 
) 


P,,(MR 
) 


P,,(HA['fl 
psoas 
) 


P,,(OS 
) 


P" 
P" 


Vec ----+ 


Vss ----+ 


Vss ---.. 


M" " 
." 
." 
o 
0 
::; 
::; 
! ! 
P,o/liD 
PJl/WR 
P"/R!W 
P"/CTR 
P1./BA 


P,oIDo 


PldO, 
Pl2/D2 
Pll/Dl 
Plot/D. 


PlS/Os 
PJ6/D6 
PJdOl 


PlO/Ao 
P,,/A, 


P12/A2 
P'l/AJ 
PulA. 
P,s/As 
P,6/A6 
P,dAl 


P.oIAs 


P",/Ag 


P"dA'0 
P"l/A" 
P•• /Al2 
P.s/An 
P.6/A,. 
P.dA,s 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee 
-0.3-+7.0 
V 


Input Voltage 
Vin 
-0.3-Vee+0.3 
V 


Operating Temperature 
Topr 
0-+70 
·C 


Storage Temperature 
T"9 
-55-+150 
·C 


(NOTE) 
This product 
has protection 
circuits 
in input terminal 
from 
high static electricity 
voltage 
and high electric 
field. 


But be careful 
not to apply overvoltage 
more than maximum 
ratings to these high input impedance 
protection 
circuits. 
To assure the normal 


operation, 
we recommend 
Vin• Vout: 
Vss :it (Vin or Vout) :a: Vec- 


• 
ELECTRICAL CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vee = 5.0V± 
10%, Vss = OV, Ta = 0- 
+ 70·C, unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES, STBY 
Vee-0.5 
- 


Input "High" 
Voltage 
EXTAL 
V1H 
VeexO.7 
- 
Vee 
V 
+0.3 


Other Inputs 
2.0 
- 


Input "Low" 
Voltage 
All Inputs 
VIL 
-0.3 
- 
O.B 
V 


Input Leakage Current 
NMI, Ht:>, :>I tly, 
Ilinl 
Vin = 0.5-Vee-0.5V 
- 
- 
1.0 
IJ.A 
MPO,MP, 


Three State 
Ports 
1,2,3,4 


IITsd 
Vin = 0.5-Vee-0.5V 
1.0 
IJ.A 
Leakage Current 
5,6,7 
- 
- 


IOH= -2001J.A 
2.4 
- 
- 
V 


Output "High" 
Voltage 
All Outputs 
VOH 
IOH= -101J.A 
Vee-0.7 
- 
- 
V 


Output "Low" 
Voltage 
All Outputs 
VOL 
IOL= 1.6mA 
- 
- 
0.4 
V 


Darlington Drive 
Ports 2, 6 
-IOH 
Vout = 1.5V 
1.0 
- 
10.0 
mA 
Current 


Input Capacitance 
All Inputs 
Cin 
Vin = OV, f = 1MHz, 
- 
- 
12.5 
pF 
Ta = 25·C 


Standby current 
Non Operation 
ISTB 
- 
3.0 
15.0 
IJ.A 


Sleeping (f = 1MHz··) 
- 
1.5 
3.0 
mA 


IsLP 
Sleeping (f = 1.5MHz··) 
- 
2.3 
4.5 
mA 


Sleeping (f = 2MHz··) 
- 
3.0 
6.0 
mA 


Current Dissipation· 


Operating (f = 1MHz··) 
- 
7.0 
10.0 
mA 


Ice 
Operating (f = 1.5MHz··) 
- 
10.5 
15.0 
mA 


Operating (f = 2MHz··) 
- 
14.0 
20.0 
mA 


RAM Standby Voltage 
VRAM 
2.0 
- 
- 
V 


V1H min = Vec - 
, .QV, V1L Max = a.BV (All output 
terminals 
are at no load.) 


Current 
Dissipation 
of the operating 
or sleeping 
condition 
is proportional 
to the operating 
frequency. 
So the typo or max. values about 
Current 
Dissipations 
at X MHz operation 
are decided 
according 
to the following 
formula: 
typo value 
If ~ 
X MHz) ~ typo value 
If ~ 
, MHz) 
x 
X 
max. value (f = X MHz) = max. value 
(f = 1MHz) 
x 
X 


(both the sleeping 
and operating) 
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• 
AC CHARACTERISTICS 
(VCC = 6.0V±10%. 
Vss = OV, T. = 0 - +70·C, unless otherwise 
noted,) 


BUS TIMING 


Test 
HD6301YO 
HD63A01YO 
HD63B01YO 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcvc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
IJ.S 


Enable Rise Time 
tE, 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Fall Time 
tEt 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Pulse Width 
"High" 
Level" 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Level" 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address, R/W Delay Time" 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Data Delay Time 
I Write 
tDDw 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Set-up Time 
I Read 
tDSR 
80 
- 
- 
70 
- 
- 
60 
- 
- 
ns 


Address, RIWHold 
Time" 
tAH 
Fig. 1 
80 
50 
40 
- 
- 
- 
- 
- 
- 
ns 
I Write" 
tHW 
80 
- 
- 
50 
- 
- 
40 
- 
- 
ns 


Data Hold Time 
I Read 
tHR 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 


RD, WR Pulse Width" 
PWRW 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


AD. WR Delay Time 
tRwD 
- 
- 
40 
- 
- 
40 
- 
- 
40 
ns 


RD, WR Hold Time 
tHRW 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 


L1RDelay Time 
tDLR 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


DR' Hold Time 
tHLR 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


MR Set-up Time" 
tSMR 
400 
- 
- 
280 
- 
- 
230 
- 
- 
ns 


MR Hold Time" 
tHMR 
Fig. 2 
- 
- 
100 
- 
- 
70 
- 
- 
50 
ns 


E Clock Pulse Width at MR 
PWEMR 
- 
- 
9 
- 
- 
9 
- 
- 
9 
IJ.S 


Processor Control Set-up Time 
tpcs 
Fig. 3, 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
13,14 


Processor Control Rise Time 
tpcr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


Processor Control Fall Time 
tpCt 


Fig. 2, 3 
100 
100 
100 
- 
- 
- 
- 
- 
- 
ns 


BA Delay Time 
teA 
Fig.3 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Oscillator Stabilization 
Time 
tRC 
Fig. 14 
20 
- 
- 
20 
- 
- 
20 
- 
- 
ms 


Reset Pulse Width 
PWRST 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tcyc 


Item 
Test 
HD6301YO 
HD63A01YO 
HD63B01YO 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral Data 
Port 1, 2, 3, 
tPOsu 
200 
- 
200 
200 
Set UpTime 
4,5,6 
- 
- 
- 
- 
- 
ns 


Peripheral Data 
Port 1, 2, 3, 
Fig.5 


Hold Time 
4,5,6 
tpOH 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Delay Time (From 
Port 1. 2, 3, 
EnableFallEdgeto 
4,5,6,7 
tpwD 
Fig.6 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
PeripheralOutput) 


Input Strobe Pulse 


tpW1S 
200 
200 
200 
Width 
- 
- 
- 
- 
- 
- 
ns 


Input Data Hold Time 
Port 6 
t'H 
Fig. 10 
150 
- 
- 
150 
- 
- 
150 
- 
- 
ns 


Input Data Set·Up 
Time 
Port 6 
tIS 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 


Output Strobe Delay Time 


toS01 
Fig. 11 
- 
- 
200 
- 
- 
200 
- 
- 
200 
ns 


t0502 
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Test 
HD6301YO 
HD63A01YO 
HD63B01YO 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 1 Input Pulse Width 
tpWT 
Fig. 9 
20 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Delay Time (Enable Positive 
tTOO 
Fig. 7, 8 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition to Timer Outputl 


SCllnput 
I Async. Mode 
Fig. 9 
1.0 
- 
- 
1.0 
- 
- 
10 
- 
- 
tCYC 


Clock Cycle 
I Clock Sync. 
tScyc 
Fig. 4 
20 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


SCI Transmit Data Delay 
tTXO 
- 
- 
220 
- 
- 
220 
- 
- 
220 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Set-up 
tSRX 
Fig.4 
260 
- 
- 
260 
- 
- 
260 
- 
- 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Hold Time 
tHRX 
100 
100 
100 
(Clock Sync. Mode) 
- 
- 
- 
- 
- 
- 
ns 


SCllnput 
Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
0.4 
- 
06 
0.4 
- 
0.6 
tsc 
c 


Timer 2 Input Clock Cycle 
ttcyc 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Timer 2 Input Clock Pulse 
tpWTCK 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Width 
Fig. 9 


Timer 1 ·2, SCllnput 
Clock 


tCKr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Rise Time 


Timer 1 ·2, SCllnput 
Clock 
teK! 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Fall Time 
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2.4V 


O.8V 


\ 
\ 
\'----- 
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Pl0-P17 
P,O- P" 
P40- P4' 2.0V 
Pso- P57 O.8V 
Poo- Po, 
(Inputs) 


P30- P3' 
(Inputs) 


Last Instruction 
IExecution Cyclel 


'2.0V 
is high level when clock input. 
2.4V is high level when clock output. 


jMCU 
Write 


PlO-P17. 
P,o-P", 


P30-P37, 
P40-P47. 


Pso- 
PS7. Poo- po,. 


P70- 
P74 
(Outputs) 
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Timer 
FRC 
P26 
Output 
~ 


troo 


2.4V 
0.~8~V 
_ 
P21, 
P25 


Outputs --------~ 
(TCONR=N) 


Figure8 
Timer 2 Output Timing 


'Timer 
2 ; ttcyc 
SCI 
; tScyc 
"Timer 
1 ; tpWT 
Timer 2; tPWTCK 
SCI 
;tPWSCK 


PORT6 
Data 
(Input) 


MCU access of 
PORT6 


I" 


Vcc 
m 


RL=2.2kQ 


Test Point 
, S207418> 


C 
R 
or Equiv. 


C=90pF 
for Port 1, Port 3, Port 4, E 
= 30pF for Port 2, Port 5, Port 6, Port 7 


R=12kn 
for Port 1 - 
Port 7, E 


P55 
(ITS) 


Op Code Op Code 
FFFF 
SP 
SP-' 
SP-2 
$P-3 
SP-4 
$p·5 
$P-6 
Vector 
Vector 
Now 


Address 
Address + 1 
MSB 
LSB 
PC 


Address 
Address 
Address 


tfOes 


Op 
Operand 
Irrelevant 
pee - 
PCB 
- 
IXO- 
IX8 - 
ACeA 
ACeB 
CCR 
Vector 
Vector 
FIrst In5t 
of 


Code Op Code Data 
PC, 
pelS 
IX' 
IX15 
MSB 
LSB 
Interrupt Routine 


\ 
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JIll _~\\\§I\\W\\I\\If# 


•••• 
~\\\\~§I\\\\\\\\~\~' 


:::::=x::Y,........r--f1 


'~~~j 


f~,........r--Ij 


~.• 
:.\I\\\\\\\\\U\\\\\\\\,~------(}-Q--{Y~~,~' 
------ 
pca - 
PCO- 
First 


PC 15 
PC7 
Instruction 


• 
FUNCTIONAL PIN DESCRIPTION 


• 
VCC' VSS 
Vcc and Vss provide power to the MCU with 5V± 10%supply. 
In the case of low speed operation (fmax =5OOkHz), the MCU can 
operate with 3to 5.5 volts. Two Vss pins should be tied to ground. 


• 
XTAL, EXTAL 
These two pins interface with an AT-cut parallel resonant crystal. 


Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is 
used, the system clock is IMHz for example. 
EXTAL pin can be drived by the external clock with 45% to 55% 
duty. The system clock which is one fourth frequency of the exter- 
nal clock is generated in the LSI. The external clock frequency 
should be less than four times of the maximum operating frequen- 
cy. When using the external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and CLI, CLl 
should be mounted as close as possible to XTAL and EXTAL pins. 
Any line must not cross the line between the crystal oscillator and 
XTAL, EXTAL. 


AT Cut Parallel Resonant 
Crystal Oscillator 


Co=7pF 
max 
Rs=60Q 
max 


Cll =Cl2 
= 10pF-22pF±20% 


(3.2-8MHzl 


• STBY 
This pin makes the MCU standby mode. In "Low" level, the 


oscillation stops and the internal clock is stabilized to make reset 
condition. To retain the contents of RAM at standby mode, "0" 
should be written into RAM enable bit (RAME). RAME is the bit 
6 of the RAM/port 5 control register at $0014. RAM is disabled by 
this operation and its contents is sustained. 


Refer to "LOW 
POWER DISSIPATION MODE" 
for the 


standby mode. 


• 
Reset (RES) 
This pin resets the MCU from power OFF state and provides a 


startup procedure. During power-on, RES pin must be held "Low" 
level for at least 20ms. 


The CPU registers (accumulator, index register, stack pointer, 


condition code register except for interrupt mask bit), RAM and 
the data register of ports are not initialized during reset, so their 
contents are undefined in this procedure. 


To reset the MCU during operation, RES should be held "Low" 


for at least 3 system-clock cycles. At the 3rd cycle during "Low" 
level, all the address buses become "High". When RES remains 
"Low", the address buses keep "High". If RES becomes "High", 
the MCU starts the next operation. 
(I) 
Latch the value of the mode program pins; MPo and MP,. 


(2) 
Initialize each internal register (Refer to Table 6). 


(3) 
Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts IRQ" IRQ, and IRQ" this bit should be 
cleared in advance. 
(4) 
Put the contents (=start 
address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table I). 


• 
Enable (E) 
This pin provides a TTL-compatible system clock to external cir- 
cuits. Its frequency is one fourth that of the crystal oscillator or 
external clock. This pin can drive one TTL load and 90pF capaci- 
tance. 


• 
Non-Maskable 
Interrupt 
(NMI) 
@HITACHI 
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When the falling edge of the input signal is detected at this pin, 
the CPU begins non-maskable interrupt sequence internally. As 
well as the IRQ mentioned below, the instruction being executed at 
NMI signal detection will proceed to its compeletion. The interrupt 
mask bit of the condition code register doesn't a/Tectnon-maskable 
interrupt at all. 


In response to an NMI interrupt, the contents of the program 


counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from $FFFC and $FFFD to transfer their contents 
into the program counter and branch to the non-mask able interrupt 
service routine. 


(Note) 
At reset start, the stack pointer should be initialized on 
an appropriate memory area and then the falling edge 
be input to NMI pin. 


• 
Interrupt Request (fiiQ'j, IRQ2) 
These are level-sensitive pins which request an internal interrupt 


sequence to the CPU. At interrupt request, the CPU will complete 


Each Status Register's 
Interrupt 
Enable Flag 
'" " ; Enable. "0" ; Disable 


ISF 


CMF 


RORF 
PER 
ORFE 


TORE 


the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
starts an interrupt sequence; if set, the interrupt request will be ig- 
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the mask3ble request. During the last 
cycle, the CPU fetches vectors depicted in Table I and transfers 
their contents to the program counter and branches to the service 
routine. 


The CPU uses the external interrupt pins (IRQ, and IRQ,) also 


as port pins P5, and P", so it provides an enable bit to Bit 0 and 1of 
the RAM port 5 control register at $0014. Refer to "RAM/PORT 
5 
CONTROL REGISTER" for the details. 


When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produces internal interrupt signal (IRQ,). 
IRQ, functions just the same as IRQ, or IRQ, except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 


CondItion 
Code 
Register 
I MASK 
"0": Enable 
"1"; 
Disable 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 
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Vector 
Priority 
MSB 
LSB 
Interrupt 


Highest 
FFFE 
FFFF 
RES 


FFEE 
FFEF 
TRAP 


FFFC 
FFFD 
NMI 


FFFA 
FFFB 
SWI 
ISoftware 
Interrupt) 


FFFB 
FFF9 
1RQ1. ISF (port 6 Input Strobel 


FFF6 
FFF7 
ICI 
ITimer 1 Input Capture) 


FFF4 
FFF5 
OCI 
(Timer 1 Output 
Compare 
1. 2) 


FFF2 
FFF3 
TOI 
(Timer 1 Overflow) 


FFEC 
FFED 
CMI 
(Timer 2 Counter 
Match) 


FFEA 
FFEB 
IRQ2 


Lowest 
FFFO 
FFFI 
SIO 
(RDRF+ORFE+ 
TDRE+PER) 


• 
Mode 
Program 
(MPo• MP1) 


These 
two pins decide 
the operation 
mode. 
Refer 
to "MODE 


SELECTION" 
for more 
details. 


The 
following 
signal 
descriptions 
are 
applicable 
only 
for 
the 


expanded 
mode. 


• 
Read/Write 
(R/IN; Pn) 
This signal, 
usually 
be in read state 
("High"), 
shows 
whether 


the 
CPU 
is in 
read 
("High") 
or 
write 
("Low") 
state 
to 
the 


peripheral 
or memory 
devices. 
This can drive 
one TTL 
load and 


30pF capacitance. 


• 
RD. WR (P70. P71) 
These signals show active low outputs 
when the CPU is reading/ 


writing to the peripherals 
or memories. 
This enables 
the CPU easy 


to access the peripheral 
LSI with RD and WR input pins. These 
pins 


can drive one TTL 
load and 30pF capacitance. 


• 
Load Instruction 
Register 
(L1R; P73) 


This 
signal 
shows 
the 
instruction 
opecode 
being 
on data 
bus 


(active low). this pin can drive one TTL load and 30pF capacitance. 


• 
Memory 
Ready 
(MR; PS2) 


This 
is the 
input 
control 
signal 
which 
stretches 
the 
system 


clock's 
"High "period 
to access low-speed 
memories. 
HD6301YO can 


select 
three 
kinds 
of low-speed 
memory 
access 
method 
by RAM/ 


Port 5 Control 
Register's 
MRE bit and AMRE 
bit. In the case that 


CPU 
accesses 
low-speed 
memories 
by 
the 
external 
MR 
signal 


(MRE="I", 
AMRE="O"), 
the system 
clock operates 
in normal 


sequence 
when 
this signal 
is in "High". 
But this signal in "Low", 
the "High" 
period of the system 
clock 


will be stretched 
depending 
on its "Low" 
level duration 
in integral 


multiples 
of the cycle time. 
This allows the CPU 
to interface 
with 


low-speed 
memories 
(See Fig. 2). Up to 9/Ls can be stretched. 


During 
internal 
address 
space 
access 
or 
non valid 
memory 


access, 
MR is prohibited 
internally 
to prevent 
decrease 
of operation 


speed. 
Even in the halt state, 
MR can also stretch 
"High" 
period of 


system 
clock to allow peripheral 
devices 
to access low-speed 
memo- 


ries. Refer 
to "RAM/PORT 
5 CONTROL 
REGISTER" 
for more 


details. 


• 
Halt (HALT; PS3) 
This is an input control 
signal to stop instruction 
execution 
and 


to release 
buses. 
When 
this signal 
switches 
to "Low", 
the 
CPU 


stops to enter 
into the halt state after having 
executed 
the present 


instruction. 
When 
entering 
into the halt state, 
it makes 
BA (P,,) 


"High" 
and also an address 
bus, 
data 
bus, 
RD, 
WR, 
R/W 
high 


impedance. 
When 
an interrupt 
is generated 
in the halt 
state, 
the 


CPU 
uses the interrupt 
handler 
after the halt is cancelled. 


(Note) 
Please don't 
switch 
the HALT 
signal to "Low" 
when 


the CPU executes 
the WAI instruction 
and is in the in- 


terrupt 
wait state to avoid the trouble 
of the CPU's 
op- 


eration 
after the halt is cancelled. 


• 
Bus Available 
(BA; P74) 
This 
is an output 
control 
signal whicl) is normally 
"Low" 
but 
"High" 
when 
the CPU accepts 
HALT and releases 
the buses. 
The 


HD6800 
and HD6802 
make 
BA "High" 
and release 
the buses 
at 


WAI execution, 
while 
the HD630lYO 
doesn't 
make 
BA "High" 


under 
the same condition 
. 


• 
PORT 
The HD630lYO 
provides 
seven 
I/O ports. Port 1,2,3,4,5, 
and 


6 
are 
8-bit 
I/O 
ports. 
Each 
port 
provides 
Data 
Direction 


Register(DDR). 
Port 
1 and port 3 select 
the I/O state 
by the byte 


and port 2, 4, 5 and 6 the I/O state by the bit. Port 7 is a 5-bit out- 
put-only 
port. 
In the expanded 
mode 
(mode 
I, mode 
2), port 
3 


becomes 
data buses, 
port I and port 4 address 
buses and port 7 con- 


trol signal pins. 


Port 
Port Address 
Data Direction 
Renister 


Port 1 
$0002 
$0000 


Port 2 
$0003 
$0001 


Port 3 
$0006 
$0004 


Port 4 
$0007 
$0005 


Port 5 
$0015 
$0020 


Port 6 
$0017 
$0016 


Port 7 
$0018 


• 
Port 1 
An 8-bit I/O port. The DDR of port I (PI DDR) 
controls 
the I/O 


state. It provides 
a bit which select the I/O state by the byte ("0" 
for 


input and" 
I" for output). 
As it is cleared 
during 
reset, 
port 
I is an input 
port. 


In the expanded 
mode 
(mode 
I, mode 
2), port 
I functions 
as a 


lower address 
buses 
(A. to A,). 
Port I can drive one TTL load and 


90pF capacitance. 
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Mode 
1 


Mode 
2 
RES 
Q 
P1DDR" 


Q 
D 


P'o DATA 
C 
Mode 
1 
Mode 
2 
-L 


• 
Port 2 
An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O slate. 


This port provides DDR corresponding to each bit and can define 
input or output by the bit ("0" for input, "I" for output). 


As Port 2 DDR is cleared during reset, it will be an input port. 
Port 2 is also used as an I/O pin for timer I, Timer 2 and the SCI. 


Pins for Timers and the SCI set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an 1/ 
o port after used as I/O pins of the timers or the SCI, the I/O direc- 
tion of the pins remain as it is used as the I/O pin of timer and SCI. 


Port 2 can drive one TTL load and 30pF capacitance. This port 


R 
Q 
D 


P,o DDR 


C 


WP2D 


Q 
D 
P,o DATA 


C 


RP2 
WP2 
.J.- 


'":Jal 


'"'" 
Q) 
-0 


'" 
1:l 


:J 
<I: 


al 
<ii 
:!! 
!: 


'" 
$ 
0 
c 


<ii!: 
Q; 
$ 
i: 
c 
0 
...J 


RES 
: Reset Signal 
WP1 D: DDR Write Signal 
WP 1 
: Port Write Signal 


RP1 
: Port Read Signal 
* 8 bit Common Register 
* * Priority: Set> 
reset 


Port 1 DDR ($0000) 
(Write only, bit 0 
is cleared during 
reset.) 


Port 1 ($0002) 
(R/W. Not ini- 
tialized during 
reset.) 


can produce 1mA when Vout=1.5V to drive directly the base of 
Darlington transistor. 


P20 (Tin) 
P,o is also used as an external input pin for the input-capture. 


This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (P"DDR) 
("0" for an input and" 1" for 
an output). Then either a signal to or from P" ("to" for an output 
port, "from" for an input port) is alwaysinput to the Timer 1 input 
capture. 


WP2D 
DDR Write Signal 
WP2 
: Port Write Signal 
RP2 
: Port Read Signal 


Timer 1 
Input Capture Input 
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P21 (Tout 1). P24 (Tx). Pn (Tout 2). P26 (Tout 3) 


These four pins can be also used as output pins for Timer I, 


Timer 2 and a transmit output of the SCI. Timer I, and the SCI 


S 
R 


Q 
D 
P,"DDR 


C 


WP2D 


Q 
D 
p," DATA 


C 


P22 (SClK) 


P" is also used as a clock 110 pin for the SCI. It is selected as a 


clock input or output pin by the operating mode of the SCI. It is usa- 


~ 
R, R, 


Q 
D 


P" 
DDR 
C 


WP2D 


Q 
D 


P" 
DATA 
C 


have a register which enables output. By selling these registers, 
they automatically will be output pins of timer or the SCI. 


;!"i.!."'!~~._T..in::'~r 
_2_and SCI 


I 
I 
I 


I 
I 


Output Data 
Output Enable Signal 


ble as an 110 port when the SCI has no clock input or output (as an 
output port if P" DDR=I, 
as an input port if P" DDR=O). 


SCI 
r---------- 
I, 
I 
I 
Clock Input Enable signal 


Output Clock 
Clock Output Enable signal 
Input Clock 
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P23 (Rxl. 
P27 (TCLK) 


P" and P" are also used as received 
data input 
pins for the SCI 


and external 
clock input 
pins for Timer 
2. The 
SCI and Timer 
2 
have registers 
which enable 
input. 
If the registers 
are set, the DDR 


(P"DDR, 
P"DDR) 
are cleared and P" and P" will be input pin for 


Rx and TCLK. 


Rl 
R2 


Q 
D 
P'oDDR 


C 


WP2D 


Q 
D 
P'oDATA 
C 


WP2 


• 
Port 3 
An 8-bit I/O port. The 
DDR 
of port 3 controls 
the I/O state. 
It 


provides 
only one bit which defines 
1/0 state 
by the byte ("0" 
for 


input 
and" 
I" 
for outPUI). 


Mode 3 


Mode 1 
Mode 2 


Q 
D 
P'o 
DATA 


C 
Mode 1 
Mode 2 
---"-- 


Since the SCI will be a clocked synchronous 
mode 
by an external 
clock-input 
during 
reset, 
the 
DDR 
of P" 
is cleared 
automatically 
and P" is an input port. Set the SCI to a mode where 
P" is not used 


(CCO or CC I of the RMC 
Register 
is "0" 
or "1" 
respectively) 
and 


write "1" 
to the P" DDR to make P" an output 
port. 


Input 
Enable 
signal 


SCI Receive 
Data, 


Timer 
2 External 
Clock 


PORT2 DDR($0001) 
(Write only, $00 
during reset.) 


PORT2 ($00031 
(R/W, not ini- 
tialized during 
reset.! 


During 
reset, 
it is cleared 
and pan 
3 becomes 
an input 
port . 


In the expanded 
modes 
(Mode 
I, Mode 
2), pan 
3 functions 
as 


data 
buses 
(Do to D,). 
Port 
3 can drive 
one TTL 
load and 
90pF 
capacitance. 


WP3D 
DDR Write 
signal 


WP3 
Port 
Write 
Signal 


RP3 
Port 
Read 
signal 
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• 
Port4 
An S-bit 110 port. The DDR of port 4 controls 110 state. Each bit 


of port 4 has a DDR which defines I/O state ("0" for input and "I" 
for output). 


During reset, the DDR of port 4 is cleared and port 4 becomes 
an input port. 


In the expanded modes (Mode I, Mode 2), port 4 functions as 


address buses (A,. to A,,). In Mode I (expanded mode with no 


PORTJ DDR ($0004) 
(Write only. Bit 0 
is cleared during 
reset.) 


PORT3 ($0006) 
(RIW. 
not ini- 
tialized during 
reset.) 


internal 
ROM), 
the 
DDR 
is set automatically 
and 
outputs 


addresses. But in Mode 2 (expanded mode with internal ROM), the 
DDR is cleared and port 4 becomes an input port during reset. Set 
the DDR to "I" 
to output the upper addresses (A, to A,,) to the 


outside. If not all of the upper addresses have to be output, the pins 
which don't output addresses can be used as input pins. Port 4 can 
drive one TTL load and 90pF capacitance. 


Mode 
1 
RES 


V> 
S' 
R 
" 
V> 
CO 
Q 
0 
" 
V> 
co 
V> 
P40DDR 
e 
'" 
c 
'" 


-u 
0 
"0 


Mode 
3 
ro 
« 
WP4D 
ro 
----L- 
c: 
~ 
c: 


Q 
0 
c: 
~ 
P40DATA 
c: 


C 
Q; 
Mode 
1 
c. 


Mode 
2 
c. 


WP4 
::::> 
----L- 


RP4 
----L- 


• 
Port 5 
An S-bit I/O port. The DDR of port 5 controls 110 state. Each bit 


of port 5 has a DDR which defines 110 state ("0" for input and "I" 
for output). 
During reset, the DDR of port 5 is cleared and port 5 becomes 


an input port. 


Port 5 is also usable as IRQ" IRQ., HALT, MR and the strobed 


signal of port 6 for handshake (is, 0$). It is set to input or output 
automatically if it is used as these control signal pins (except PO" 
IS). Since the DDR of port 5, as is port 2, is set or reset by the con- 
trol signal, 110 directions of the I/O ports are retained after the con- 
trol signal is disabled. Port 5 can drive one TTL load and 90pF 
capacitance. 


WP4D: 
DDR Write signal 
WP4 
: Port Write signal 
RP4 
: Port Read signal 


PORT 4 DDR ($0005) 
(Write only. $00 
during reset.) 


PORT 4 ($00071 
(R/W. not ini- 
tialized during 
reset.l 


Pooand POIare also usable as interrupt pins. The RAM/port 5 


control registers oflRQ, and IRQ, have enable bhs (IQIE, IQ2E). 
When these bits are set to "I", 
P,o and POIwill automatically be 


interrupt input pins. 


P62 (MRI. P63 (HALT) 
~ 
and P" are also usable as MR and HALT inputs. MR and 


HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as IRQ, andlRQ;. 
In the single chip mode (Mode 3), P" 


and P" are usable as 110 ports regardless of the value of the enable 
bits. In the expanded mode (Mode I or Mode 2), since MRE is 
cleared during reset, P" is usable as an I/O port. Since HLTE is set 
during reset, the DDR of P" will be automatically reset to be a 
HALT input pin. HLTE of the RAM/Port 5 Control Register has to 
be cleared to use P" as an 110 port. 
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R1 
R2 
o 
D 
p," DDR 


C 


WP5D 


o 
D 
p," DATA 


C 


WP5D: 
DDR Write 
Signal 
WP5 
. Port 
Write 
signal 


RP5 
: Port 
Read Signal 


RAM/PORT 
5 Control 


Register 


iRQ, 
iRQ, 
MR 
FiATT 


* Initializing 
value 
during 
reset; 


IR01E 
= "0", 
IRQ2E = "0", MRE = "0"**, HLTE = "1"·· 
* * P5' and P53 can be used as I a ports 


in spite of the value of this register 
in Mode 
3. 


P54liSi 
P" 
is also usable as the input strobe (IS) for port 6 handshake 


interface. This pin, as is P", 
is always an I/O port. If P" 
is used as 


an output port (set the DDR ofP,. 
to ")"), 
an output signal from 


P,. will be the input to 15. 


R 
o 
D 
p,. DDR 


C 


WP5D 


o 
D 
p,. DATA 


C 


P55 (OS) 


P" is also usable as the output strobe (OS) for port 6 handshake 


interface. It will be an I/O port during reset, and an OS output 
pin 


by setting the OS enable register (OSE) of the port 6 Control 
Status 


Register (P6CSR). 
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RES 


R 
'" 
Q 
:J 
D 
co 


P" 
DDR 
~ 
C 
co 
Cl 


WP5D 
'" 
EO 


Q 
D 
2lc: 


P"DATA 


C 


WP5 


Port 
6 Control/Status 
Register 
r---- 
- ----- 


I 
I 
I 


OS 


OSE 
(1 : OS output 
) 


o : OS output 
disable 


Pse. PS7 
p•• and P" 
are 110 ports. 


RES 


R 
Q 
D 


P" 
DDR 
C 
'":J 
WP5D 
co 
~ 
co 
Q 
D 
Cl 


P" 
DATA 
'" 
EO 
c 
2lc: 
WP5 


PORT5 DDR ($0020) 
(Writ. only. $00 
during reset.) 


PORT5 ($D015) 
(RIW. 
not ini~ 


tialized during 
reset.) 


• 
Port6 
8-bitllO 
port. Port 6 DDR 
controls 
110 state. Each bit of port 6 


has a DDR 
and designates 
input 
or output 
("0" for input, 
"1" for 


output). 
During 
reset, 
Port 6 DDR is cleared and port 6 becomes 
an 


input 
port. 


Port 6 controls 
parallel 
handshake 
interface 
besides 
functions 
as 


an 110 port. Therefore, 
it provides 
DDRs 
to control 
and IS LATCH 


to latch the input data. 


Port 6 can drive one TTL load and 30pF capacitance. 
It can drive 


directly 
the base of Darlington 
transistor 
as port 
2. 
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R 
Q 
D 


po" DDR 
C 


WP6D 


Q 
D 
po" DATA 
C 


R S 


R 
D 
Q 


IS LATCH 
C 


WP6 
RP6 
---L 
WP6D: 
DDR Write signal 
WP6 
: Port Write signal 
RP6 
: Port Read signal 


Port 6 
Control/Status 
Register 


PORT6 DDR ($0016) 
(Write only. $00 
during reset.) 


PORT6 ($0017) 
IA/W. not ini- 
tialized during 
reset.) 


• 
Port 7 
A 5-bit output vort. In single-chip mode (Mode 3), port 7 goes 


to a high impedance state during reset. By a write to Port 7, Port 7 
goes to the output state from the high impedance ~tate, and it out- 
puts the wrillen data. Once it becomes output state, Port 7 functions 


as an output port. CPU 7 can also read the Port 7 data register to ex- 
ecute bit manipulation instruction. In the expanded mode (Mode 1, 
Mode 2), Port 7 is an output pin for control signals <RD, WR, R/ 
W, LIR, BA) from the CPU. 


Port 7 can drive one TIL load and 30pF capacitance.' 


RES 


WP7 


Mode 
1.Mode 
2 


Q 
D 
p," DATA 
C 


(ij 


EO 


~ 
WP7: 
Port Write signal 
RP7 
: Port Read signal 


Mode 
1 


Mode 
2 
-L 
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• 
RAM/PORT 6 CONTROLREGISTER 
The control register located at $0014 controls on-chip RAM and 


port 5. 


Bit o. Bit 11R01. 1RQ2Enable Bit URQ,E. IRQ2E) 


When using p•• and POIas interrupt pins, write "I" in these bits. 
When the bit is set to "I", 
the DDRs corresponding to p•• and 


POIare cleared and become IR(ft input pin and mQ; input pin. 
When IRQ,E and IRQ,E are set, p•• and p., cannot be used as an 
output ports. When "0", the CPU doesn't accept an external inter- 
rupt or a sleep cancellation by the external interrupt. These bits are 
cleared during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 


When using p., as an input pin of the "memory ready" signal, 


write "I" 
in this bit. When set, p., DDR is automatically cleared 


and becomes the MR input pin. In Mode 3, however, the "memory 
ready" is inhibited regardless of the bit. The bit is cleared during 
raet. 


Bit 3 Halt Enable Bit (HLTEI 
When using P" as an input pin of the HALT signal, write" I" in 


this bit. When this bit is set, P" DDR is automatically cleared and 
becomes the Halt input pin. If the bit is "0", the Halt function is 
inhibited and P" is used as an va port. The bit is set to "I" 
during 


reset. However, in Mode 3, Halt function is inhibited regardless of 
the bit. 


(Note) 
When using p., and P" as the input ports in mode I 
and 2, MRE and HLTE bit should be cleared just after 
the reset. 


Bit 4 Auto Memory Ready Enable Bit (AMRE) 


. When the bit is set and the CPU accesses the external address, 


"memory ready" operates automatically and stretches the E clock's 
"High" duration for one system clock. When MRE bit of bit 2 is 
cleared and when the CPU accesses the external address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the external address space with P.,(MR) 
pin in "low", "memory 


ready" operates automatically. In Mode 3, regardless of the bit 
value, the "auto memory ready" function is inhibited. (See Table 3 
and Fig. 17.) 


(Note) 
Since this bit is set to "I" 
during reset, clear the bit 


at the beginning of the program when auto memory 
ready doesn't have to operate. 


MRE 
AMRE 
Function 


0 
0 
"Memory ready" inhibited. 


0 
1 
When the CPUaccesses the external address, "High" duration of Eclock automatically becomes one-cycle 
longer. This state is retained during reset. 


1 
0 
"Memory ready" operates by PS2 (MRIpin. The function is the same as that of the HD6301 XO. 
1 
1 
When the CPUaccesses the extemal address space with the PS2 (MRIpin in "low", the "auto memory 
ready" operates. This function is effective if it has both "high-speed memory" and "slow memory" 
outside. Input CS signal of "slow memory" to MRpin. 


Bit 6 Standby Flail (STBY FLAG) 


Byclearing this flag, HD6301YOgets into the standby mode by 


software. This.!!!i.is set to "I" during reset, so the standby mode is 
canceled with RES pin in "low". The lrnS' pin should be in "low" 
until oscillation becomes stable (min. 2Oms.). If the STBY pin in is 
in "low", the standby mode can not be canceled with the ~ 
pin 


in "low". 


Bit 8 RAM Enable (RAME) 


On-chip RAM can be disabled by this control bit. By resetting 


the MCU, "I" 
is set to this bit, and on-chip RAM is enabled. 


When this bit is cleared (=Iogic "0") on-chip RAM is invalid and 
the CPU can read data from external memory. This bit should be 
"0" before getting into the standby mode to protect on-chip RAM 
data. 


Bit 7 Standby Power Bit (STBYPWR) 
When Vcc is not provided in standby mode, this bit is cleared. 


This is a flagfor read/write and can be read by software. If this bit is 
set before standyby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby mode 
and the on-chip RAM data is valid. 
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Address 
Bus 


(bl MRE=1. 
AMRE=1 


E 


Address 
Bus 


MR 
(CS pin of "slow memory") 


• 
Port 6 Control/Status 
Register 
This is the Control/Status Register for parallel handshake inter- 


face using Port 6. The functions are as follows; 


I) Latches input data to Port 6 at the 1$ (P,,) falling edge. 
2) Outputs a strobe signal OS (P55) outward by reading or writ- 


ing to port 6. 


3) When IS FLAG is set at the 15 falling edge. an interrupt 


occurs. 


The following shows Port 6 Control/Status Register (P6CSR). 


BitO 
Bit 1 
Bit2 


Bit 3: Latch Enable 


This register controls the input latch for Port 6 (ISLATCH). 


When this bit is set to "1", the input data to port 6 will be latched 
inward at the 1$ (P,,) falling edge. An input latch will be canceled 
by reading Port 6, which enables to latch the next data. If cleared, 


the input latch remains canceled and this bit functions as a usual 
I/O port. 
This bit is cleared during reset. 


Bit 4: OSS Output Strobe Select 
This register initiates an output strobe (OS) from P55 by reading 


or writing to port 6. When cleared, os- occurs by reading Port 6. 
When set, OS occurs by writing to Port 6. This bit is cleared during 
reset. 


Bit 6: OSE Output Strobe Enable 
This register decides the enabling or disabling of the output 


strobe. When cleared, P55 functions as an I/O port. When set, P" 
functions as an OS output pin. (P" DDR is set by OSE,) This bit is 
cleared during reset. 


Bit 6: IS IRQ, Enable Input Strobe Interrupt Enable 


When set, an IRQ, interrupt to the CPU occurs by setting IS 


FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 


Bit 7: IS Flag Input Strobe Flag 
This flag is set at the IS (P,,) falling edge. This flag is for read- 
only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 
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• 
MODE SELECTION 
Mode program pins, MP. and MP, determine the operation 


mode of the HD6301 YO as Table 4 shows. 


• 
Mode 1 (Expanded Model 
In this mode, port 3 is data bus and port 1 "Lower" 
addressbus 
and port 4 "Upper" 
address bus to interface directly with the 
HMCS6800 buses. A control signal such asR/W is produced at port 
7. In mode 1, on-chip ROM is disabled and 65k bytes of address 
spaceare externally expandable (refer to Fig. 19). 


• 
Mode 2 (Expanded Model 
This mode is also expandable as well as mode 1. But in this 


mode, on-chip ROM is enabled and the expandable addressspaceis 
48k bytes (refer to Fig. 20). 


In Mode 2, port 4 is available asan input port during reset, and 


so the upper address is not output outwards. After reset starts, set 
the P4DDR corresponding to the external address output. By set- 
ting the DDR, the upper address is output. When a small external 
memory space is provided, 
the pin not required to output 
the 


• 
Mode 3 (Single-chip 
Model 
In this mode, all ports are available (refer to Fig. 2J). 


Mode 
MP, 
MPo 
ROM 
RAM 
Interrupt 
Operation 
Vector 
Mode 


1 
"L" 
"H" 
E 
/" 
E 
Expanded 
Mode 


2 
"H" 
"L" 
I 
I" 
I 
Expanded 
Mode 


3 
"H" 
"H" 
I 
I 
I 
Single-chip 
Mode 


~ 
Mode 1 
Mode 2 
Port 
Mode 3 


Port 1 
Address Bus (Ao-A7) 
Address Bus (Ao-A71 
I/O Port 


Port 2 
I/O Port 
I/O Port 
I/O Port 


Port 3 
Data Bus (00-071 
Data Bus (00-07) 
I/O Port 


Port 4 
Address Bus (AB-A,sl 
1/0 Port or Address Bus (AB-A, 
sl 
I/O Port 


Port 5 
I/O Port 
110 Port 
1/0 Port 


Port 6 
1/0 Port 
I/O Port 
I/O Port 


Port 7 
RD,WR, R/W, LlR, BA 
RD,WR, R/W, 
LlR,BA 
Output Port 
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E 
E 


RD 
RD 


WR 
WR 


R/W 
R/W 
RES 
LIR 
rn 
ITA 
STBY 
HDS301 YO 
STBY 


NMI 
BA 
NMI 
BA 


PORT2 
MCU 
PORT3 
PORT2 
PORT3 


aD""·2) 
Data Bus 
aof1.2) 
Data Bus 


PORT5 
PORTl 
PORT5 
PORTl 
(rr~) 
Address 
Bus 
(iRQ~') 
Add ress 
Bus 


ffil'O'S'L 


PORTS 
PORT4 
PORTS 
PORT4 


Address 
Bus 
Address 
Bus 
or 
Input 
Ports 


HDS301YO 


MCU 


PORT5 


(~RQ') 
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Address 
Register 
Abbreviation 
R/W·· 
Initialized value 
during reset··· 


00 
Port 1 DDR (Data Direction Register) 
P1DDR 
W 
$FE 


01 
Port 2 DDR 
P2DDR 
W 
$00 
02 
Port 1 
PORT1 
R/W 
indefinite 
03 
Port 2 
PORT2 
R/W 
indefinite 
04 
Port 3 DDR 
P3DDR 
W 
$FE 


05 
Port 4 DDR 
P4DDR 
W 
$00 
06 
Port 3 
PORT3 
R/W 
indefinite 
07 
Port 4 
PORT4 
R/W 
indefinite 
08 
Timer Control/Status 
Register 1 
TCSR1 
R/W 
$00 
09 
Free Running Counter (MS8) 
FRCH 
R/W 
$00 
OA 
Free Running Counter (LS8) 
FRCL 
R/W 
$00 
OB 
Output Compare Register 1 (MSB) 
OCR1H 
R/W 
$FF 


OC 
Output Compare Register 1 (LSB) 
OCR1L 
R/W 
$FF 


OD 
Input Capture Register (MSB) 
ICRH 
R 
$00 
OE 
Input Capture Register (LSB) 
ICRL 
R 
$00 
OF 
Timer Control/Status 
Register 2 
TCSR2 
R/W 
$10 
10 
Rate/Mode Control Register 
RMCR 
R/W 
$CO 
11 
Tx/Rx Control Status Register 1 
TRCSR1 
R/W 
$20 
12 
Receive Data Register 
RDR 
R 
$00 
13 
Transmit Data Register 
TDR 
W 
indefinite 
14 
RAM/Port 
5 Control Register 
RP5CR 
R/W 
$F8 or $78 
15 
Port 5 
PORT5 
R/W 
indefinite 
16 
Port 6 DDR 
P6DDR 
W 
$00 
17 
POll 6 
PORT6 
R/W 
indefinite 
18 
Port 7 
PORT7 
R/W 
indefinite 
19 
Output Compare Register 2 (MSB) 
OCR2H 
R/W 
$FF 
1A 
Output Compare Register 2 (LSB) 
OCR2L 
R/W 
$FF 
1B 
Timer Control/Status 
Register 3 
TCSR3 
R/W 
$20 
1C 
Time Constant Register 
TCONR 
W 
$FF 


10 
Timer 2 Up Counter 
T2CNT 
R/W 
$00 
1E 
Tx/Rx Control Status Register 2 
TRCSR2 
R/W 
$28 
1F 
Test Register· 
TSTREG 
- 
- 
20 
PORT 5 DDR 
P5DDR 
W 
$00 
21 
PORT 6 Control/Status 
Register 
P6CSR 
R/W 
$07 
22 
- 
- 
- 
- 
23 
- 
- 
- 
- 


24 
- 
- 
- 
- 
25 
Reserved 
- 
- 
- 
- 


26 
- 
- 
- 
- 
27 
- 
- 
- 
- 


Register for test. Don't access this register. 
R: Read-only register, W: Write-only 
register, R/W: ReadlWrite 
register. 
When empty bit is in the register, it is set to "'" 
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Mode 3 


$0000 I 
Internal 


$0027 
R_e_g_"_te_' 
~ 


Internal •.. 


Register 


External 
Memory 
Space 


Internal 
RAM 


256 Bytes 


External 


Memory 


Space 


* Mode 
1 does 
not 


include 
the 
addresses: 


$00, 
$02, 
$04, 
$05, 


$06, 
$07 
or 
$18 
which 


can 
be 
used 
externally. 


Internal 
•• 


Register 


External 
Memory 


Space 


Internal 
RAM 


256 
Bytes 


External 


Memory 


Space 


Internal 
ROM 


16k Bytes 


** Mode 
2 does 
not 


include 
the 
addresses: 


$00, 
$02, 
$04, 
$06, 


and 
$18 
which 
can 
be 


used 
externally 


• 
TIMER 1 
The 
HD630 IYO provides 
a 16-bit programmable 
timer 
which 


can simultaneously 
measure 
an input 
waveform 
and generate 
two 
independent 
output 
waveforms. 
The 
pulse 
widths 
of both 
input/ 


output 
waveforms 
vary from microseconds 
to seconds. 
Timer 
I is configured 
as follows 
(refer 
to Fig. 24). 


Control/Status 
Register 
1 (8 bit) 


Control/Status 
Register 
2 (7 bit) 


Free Running 
Counter 
(16 bit) 


Output 
Compare 
Register 
I (16 bit) 


Output 
Compare 
Register 
2 (16 bit) 


Input 
Capture 
Register 
(16 bit) 


• 
Free-Running Counter (FRC)($0009:000A) 
The 
key timer 
element 
is a 16-bit free-running 
counter 
driven 


and incremented 
by system 
clock. The counter 
value is readable 
by 
software 
without 
affecting 
the counter. 
The counter 
is cleared 
dur- 
ing reset. 


When 
writing to the upper 
byte ($09), the CPU writes the preset 


value 
($FFF8) 
into 
the counter 
(address 
$09, $OA) regardless 
of 


the write data value. 
But when writing to the lower byte ($OA) after 


the upper 
byte writing, 
the CPU writes not only the lower byte data 
into lower 8 bit, but also the upper byte data into higher 
8 bit of the 
FRC. 


The counter 
will be as follows when the CPU writes to it by dou- 
ble store 
instructions 
(STD, 
STX, 
etc.> 


In the 
case 
of the 
CPU 
write 
($ 5AF31 to the 
FRC 


Figure 
23 
Counter 
Write 
Timing 


• 
Output Compare Register (OCR) 
($0008, 
$OOOC;OCR1) ($0019, $OOlA: OCR2) 


The output 
compare 
register 
is a 16-bit read/write 
register 
which 


can control 
an output 
waveform. 
The data of OCR is always com- 


pared 
with the FRC. 


When 
the data matches, 
output 
compare 
flag (OCF) 
in the timer 


control/status 
register 
(TCSR) 
is set. If an output 
enable 
bit (OE) in 


the TCSR2 
is "I", 
an output 
level bit(OLVLj 
in the TCSR 
will be 
output 
to bit I (OCR 
I) and bit 5 (OCR 2) of port 2. To control 
the 
output 
level 
again 
by the 
next 
compare, 
the 
value 
of OCR 
and 
OL VL should 
be changed. 
The OCR is set to $FFFF 
at reset. 
The 
compare 
function 
is inhibited 
for a cycle just 
after 
a write 
to the 


upper 
byte of the OCR 
or FRC. 
This 
is to begin 
the comparison 
after setting 
the 
16 bit value in the register 
and to inhibit 
the com- 
pare function 
at this cycle, because 
the CPU writes the upper byte to 


the FRC, 
and at the next cycle the counter 
is set to $FFF8. 


• 
For 
data 
write 
to 
the 
FRC 
or 
the 
OCR, 
2-byte 
transfer 
instruction 
(such as STX, etc.) should 
be used. 


• 
Input Capture Register (ICR) ($0000 
: OOOE) 


The 
input 
capture 
register 
is a 16-bit read-only 
register 
which 
stores 
the FRC's 
value when external 
input signal transition 
gener- 


ates an input 
capture 
pulse. 
Such 
transition 
is controled 
by input 
edge bit (IEDG) 
in the TCSRI. 


In order to input the external 
input signal to the edge detector, 
a 


bit of the DDR 
corresponding 
to bit 0 of port 2 should 
be cleared 
("0"). 
When 
an input capture 
pulse occurs by external 
input signal 


transition 
at the next cycle of CPU's 
high-byte 
read of the ICR, the 


input capture 
pulse will be delayed 
by one cycle. In order 
to ensure 


the input 
capture 
operation, 
a CPU 
read of the ICR needs 
2-byte 


transfer 
instruction. 
The input pulse width should 
be at least 2 sys- 


tem cycles. This register 
is cleared 
($0000) 
dtlfing 
reset. 


• 
Timer Control/Status Register 1 (TCSR1) ($0008) 
The timer control/status 
register 
1 is an 8-bit register. 
All bits are 


readable 
and the lower 5 bits are also writable. 
The upper 
3 bits are 


@HITACHI 


Hitachi America 
Ltd, • 
2210 O'Toole Ave, • 
San Jose, CA 95131 
• 
(408) 435-8300 


read-only which indicate the following timer status. 
Bit 5 
The counter value reached to $0000 as a result of count- 
ing-up (TOF). 


Bit 6 
A match has occurred between the FRC and the OCR I 
(OCFl). 
. 
Bit 7 
Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 


The followings are the each bit descriptions. 


Bit 0 
OLVL1 Output Levell 


OLVLl is transferred to port 2, bit I when a match occurs be- 


tween the counter and the OCRl.lfbit 
0 of the TCSR2 (OEl) is 


set to "I", 
OLVLl will appear at bit I of port 2. 
Bit 1 
IEDGInput Edge 


This bit determines which edge, rising or falling, of input sig- 


nal of bit 0 of port 2 willtrigger data transfer from the counter to 
the ICR. For this function, the DDR corresponding to port 2, bit 
o should be cleared beforehand. 
IEDG =0, triggered on a falling edge 


("High" to "Low") 


IEDG = I, triggered on a rising edge 
("Low" to "High") 
Bit 2 
ETOIEnable Timer Overflow Interrupt 


When this bit is set, an internal interrupt (IRQ,) by TO! inter- 


rupt is enabled. When cleared, the interrupt is inhibited. 
Bit 3 
EOCll Enable Output Compare Interrupt 1 


When this bit is set, an internal interrupt (IRQ,) by OCII 


interrupt is enabled. When cleared, the interrupt is inhibited. 


Bit 4 
EICIEnable Input Capture Interrupt 


When this bit is set, an internal interrupt (IRQ,) by ICI inter- 


rupt is enabled. When cleared, the interrupt is inhibited. 


Bit 5 
TOF Timer Overflow Flag 


This read-only bit is set when the counter increments from 


$FFFF by I. Cleared when the counter's MSB byte ($0009) is 
read by the CPU after the TCSRI read at TOF = I. 


Bit 6 
OCFl Output Compare Flag 1 


This read-only bit is set when a match occurs between the 


OCRI and the FRC. Cleared when writing to the OCRI ($OOOB 
or $OOOC)after the TCSR I or TCSR2 read at OCF = I. 


Bit 7 
ICF Input Capture Flag 


This read-only bit is set when an input signal of port 2, bit 0 


makes a transition as defined by IEDG and the FRC is transfer- 
red to the ICR. Cleared when reading the upper byte ($OOOD)of 


• 
Timer Control/Status 
Register 2 (TCSR2) ($OOOF) 
The timer control/status register 2 is a 7-bit register. All bits are 


readable and the lower 4 bits are also writable. But the upper 3 bits 
are read-only which indicate the following timer status. 
Bit 5 
A match has occurred between the FRC and the OCR2 
(OCF2). 
Bit 6 
The same status /lag as the OCF I /lag of the TCSR I, bit 6. 


Bit 7 
The same status /lag as the ICF /lag of the TCSRI, bit 7. 


The followings are the each bit descriptions. 


Bit 0 
OE1 Output Enable 1 
This bit enables the OLVLl to appear at port 2, bit I when a 


match has ocCurred between the counter and the output com- 
pare register I. When this bit is cleared, bit 1 of port 2 will be an 
110 port. When set, it willbe an output ofOLVLl automatically. 


Bit 1 
OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 5 when a 


match has occurred between the counter and the output com- 
pare register 2. When this bit is cleared, port 2, bit 5 will be an 1/ 
o port. When set, it will be an output of OLVL2 automatically. 


Bit 2 
OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match has occur- 


red between the counter and the OCR2. If bit 5 of the TCSR2 
(OE2) is set to "I ", OLVL2 will appear at port 2, bit 5. 


Bit 3 
EOCI2 Enable Output Compare Interrupt 2 
When this bit is set, an internal interrupt (IRQ,) by OCI2 


interrupt is enabled. When cleared, the interrupt is inhibited. 


Bit 4 
Not used 
Bit 5 
OCF2 Output Compare Flag 2 
This read-only bit is set when a match has occurred between 


the counter and the OCR2. Cleared when writing to the OCR2 
($0019 or $001A) after the TCSR2 read at OCF2 = I. 


Bit 6 
OCFl Output Compare Flag 1 
Bit 7 
ICF Input Capture Flag 
OCFI and ICF are dual addressed. If which register, TCSRI 


or TCSR2, CPU reads, it can read OCFI and ICF to bit 6 and bit 
7. 
Both the TCSR 1 and TCSR2 will be cleared during reset. 


(Note) 
If OEI or OE2 is set to "I" 
before the first output com- 


pare match occurs after reset restart, bit I or bit 5 of port 2 
will produce ·"0" respectively. 
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• 
TIMER2 
In addition to the timer I, the HD630lYO provides an 8-bit 


reloadable timer, which is capable of counting the external event. 
The timer 2 contains a timer output, so the MCU can generate 
three independent waveforms. (Refer to Fig. 25.) 


The timer 2 is configured as follows: 
Control/Status Register 3 (7 bits) 
8-bit Up Counter 


. 
Time Constant Register (8 bits) 


• 
Timer 2 Up Counter (T2CNT) ($0010) 
This is an 8-bit up counter which operates with the clock decided 


by CKSOand CKS1 of the TCSR3. The CPU can read the value of 
the counter without affecting the counter. In addition, any value 
can be written to the counter by software even during counting. 
The counter is cleared when a match occurs between the counter 


and the TCONR or during reset. 


If the write operation is made by software to the counter at the 


cycleof counter clear, it does not reset the counter but put the write 
data to the counter. 


• 
Time Constant Register (TCONRI($001Cl 
The time constant register is an 8-bit write only register. It is 


always compared with the counter. 


When a match has occurred, the counter match nag (CMF) of 


the timer control status register 3 (TCSR3) is set and the value 


selected by TOSOand TOSI of the TCSR3 will appear at pon 2, bit 
6. When CMF is set, the counter willbe cleared simultaneously and 
then stan counting from SOO.This enables regular interrupts and 
waveform outputs without any software suppon. The TCONR is set 
to "SFF" during reset. 


• 
Timer Control/Status Register 3 (TCSR31($001 Bl 
The timer control/status register 3 is a 7-bit register. All bits are 
readable and 6 bits except for CMF can be written. 


The followings are each pin descriptions. 


Bit 0 
CKSOInput Clock Select 0 
Bit 1 
CKS1 Input Clock Select ,. 


Input clock to the counter is selected as shown in Table 7 


depending on these two bits. When an external clock is selected, 
bit 7 of port 2 willbe a clock input automatically. Timer 2 detects 
the rising edge of the external clock and increments the counter. 
The external clock is countable up to half the frequency of the 
system clock. 
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Port2 


Bit 7 


Port2 


Bit 6 


CKsl 
CKsO 
Input Clock to the Counter 


0 
0 
E clock 


0 
1 
E clock/S" 


1 
0 
E clock/12S" 


1 
1 
External clock 


These clocks 
come from the FRC of the timer 
1. If one of these clocks 
is 


selected 
as an input clock to the up counter, 
the CPU should 
not write to 


the FAC of the timer 
1. 


Bit 2 
TOSO Timer 
Output 
Select 
0 


Bit 3 
TOS 1 Timer 
Output 
Select 
1 
When 
a match 
occurs 
between 
the counter 
and the TCONR 


timer 
2 outputs 
shown 
in Table 
8 will appear 
at port 
2, bit 6 


depending 
on these 
two bits. When 
both 
TOSO and TOSI 
are 


"0", 
bit 6 of port 2 will be an I/O port. 


TOsl 
TOsO 
Timer Output 


0 
0 
Timer Output 
Inhibited 


0 
1 
Toggle Output" 


1 
0 
Output 
"0" 


1 
1 
Output 
"'" 


When a match occurs between the counter and the TeONA, 
timer 2 


output level is reversed. This leads to production 
of a square wave with 


50% duty to the external without any software support. 


Bit 4 
T2E Timer 
2 Enable 
Bit 
When 
this bit is cleared, 
a clock input 
to the up counter 
is 


inhibited 
and 
the up counter 
stops. 
When 
set to "1", 
a clock 


selected 
by CKS 1 and CKSO (Table 7) is input to the up counter. 


(Note) 
P" outputs 
"0" 
when 
T2E bit cleared 
and timer 
2 set in 


output 
enable 
condition 
by TOSI 
or TOSO. It also outputs 


"0" 
when T2E bit set" 
1" and timer 
2 set in output 
ena- 


ble condition 
before 
the first counter 
match 
occurs. 


Bit 5 
Not Used. 
Bit 6 
ECMI Enable 
Counter 
Match 
Interrupt 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
by CMI 
is 


enabled. 
When 
cleared, 
the interrupt 
is inhibited. 


Bit 7 
CMF Counter 
Match 
Flag 
This read-only 
bit is set when a match 
occurs 
between 
the up 


counter 
and the TCONR. 
Cleared 
by writing "0" 
at CMF = 1 by 


software 
(unable 
to write" 
1" by software). 


Each bit of the TCSR3 
is cleared 
during 
reset. 


• 
SERIAL 
COMMUNICATION 
INTERFACE 
(SCIl 


The 
Serial Communication 
Interface 
(SCI) 
in the 
HD6301 YO 


contains 
the following 
two operating 
modes: asynchronous 
mode by 


the NRZ 
format, 
and clocked 
synchronous 
mode 
which 
transfers 


data synchronously 
with the clock. In the asynchronous 
mode, 
data 


length, 
parity bits and number 
of stop bits can be selected, 
and eight 


transfer 
formats 
are provided. 
The SCI consists 
of the following 
registers 
as shown 
in Fig. 26 


Block Diagram. 
Transmit/Receive 
Control 
Status 
Register 
1 (TRCSR 
I) 


Rate/Mode 
Control 
Register 
(RMCR) 


Transmit/Receive 
Control 
Status 
Register 
2 (TRCSR2) 


Receive 
Data 
Register 
(RDR) 
Recevie 
Shift Register 
Transmit 
Data Register 
(TOR) 


Transmit 
Shift Register 
To operate 
the SCl, 
initialize 
the 
RMCR 
and TRCSR2, 
after 


selecting 
the desirable 
operating 
mode 
and transfer 
format. 
Next, 
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set the enable bit (TE or RE) of the TRCSR I. Operating mode and 
transfer format should be changed when the enable bit (TE, RE) is 
cleared. When setting the TE or RE again after changing the operat- 


ing mode or transfer format, interval of more than a I-bit cycle of 
the baud rate or bit rate is necessary. If a I-bit cycle or more is not 
allowed, the SCI block may not be initialized. 


• 
Asynchronous Mode 
Asynchronous mode contains 8 transfer formats as shown in 


Fig. 27. 
Data transmission is enabled by setting TE bit of the TRCSR I, 


then port 2, bit 4 will unconditionally become a serial output inde- 
pendently of the corresponding DDR. 


To transmit data, set the desirable transmit format with RMCR 


and TRCSR2. When the TE bit is set, the data can be transmitted 
after transmitting the one frame of preamble ("I"). 


The conditions at this stage are as follows. 
o If the TDR is empty (TDRE= 0, consecutive I's are pro- 


duced to indicate the idle state. 


2) If the TDR contains data (TDRE=O), 
data is sent to the 


Transmit Shift Register and data transmit starts. 


During data transmit, a start bit of "0" is transmitted first. Then 


7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN = I, 
the parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (I bit or 2 bis) is sent. 


When the TDR is "empty", hardware sets TDRE flag bit. If the 


CPU doesn't respond to the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the 
transmit data register to the transmit sift register), "I" 
is transfer- 


red instead of the start bit "0" and continues to be transferred till 
data is provided to the data register. While the TDRE is "I", 
"0" is 


not transferred. 
Data receive is possible by setting RE bit. This makes port 2, bit 


3 a serial input. The operation mode of data receive is decided by 


the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSRI. The first "0" 
(space) synchronizes the receive bit flow. 


Each bit of the following data willbe strobed in the middle. If a stop 
bit is not "I", 
a framing error assumed and ORFE is set. 


When a framing error occurs, receive data is transferred to the 


Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 


When PEN bit is set, the parity check is done. If the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set, not the RDRF bit. Also, when the parity error occurs the 
receive data can be read just like in the case of the framing error. 


The RDRF flag is set when the data is received without a fram- 


ing error and a parity error. 


If RDRF is still set when receiving the stop bit of the next data, 


ORFE is set to indicate the overrun generation. CPU can get the 
receive data by reading RDR. When 7 bit data format is selected, 
the 8th bit of RDR is "0". 


When the CPU read the receive Data Register as a response to 


RDRF flag or ORFE flag after having read TRCSR, RDRF or 
ORFE is cleared. 
(Note) 
Clock Source in Asynchronous Mode 


If CCl:CCO= 10, the internal bit rate clock is provided at P" 
regardless of the values for TE or RE. Maximum clock rate is 
E+ 16. 
If both CCI and CCOare set, an external TTL compatible clock 
must be connected to P" at sixteen times (I6X) the desired bit 
rate, but not greater than E. 
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H06301 YO,H063A01 YO,H063801 YO 


(1) I STARTI 
7Bit Data 
STOP 


(2) ~ 
7Bit 
Data 
2 STOP 


(3) 
ISTARTI 
7Bit Data 
IPARITY I STOP I 


(4) ISTARTI 
7Bil Data 
IPARITY I 
2 STOP 


(5) 
ISTARTI 
SBit Data 
I STOP I 


(6) 
ISTARTI 
BBit Data 
2 STOP 


(7) I START I 
SBit Data 
IPARIT3 STOP I 


(8) ISTARTI 
BBit Data 
IPARITyl 
2 STOP 


• 
Clocked Synchronous 
Mode 


In the clocked synchronous mode, data transmit is synchronized 


with the clock pulse. The HD630 IYO SCI provides functionally 
independent 
transmitter 
and receiver which makes full duplex 


operation possible in the asynchronous mode. But in the clocked 
synchronous 
mode an SCI clock I/O pin is only P22, 
so the 


simultaneous receive and transmit operation is not available. In this 
mode, 
TE and 
RE should 
not 
be in set condition 
(" I") 


simultaneously. Fig. 28 gives a synchronous clock and a data format 
in the clocked synchronous mode. 
l) Data transmit 
Data transmit is realized by selling TE bit in the TRCSRI. Port 


2, bit 4 becomes an output unconditionally independent of the 
value of the corresponding DDR. 


. Both the RMCR and TRCSR should be set in the desirable 


operating condition for data transmit. 


When an external clock input is selected and the TDRE /lag is 


"0", data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 
Data is transmitted from bit 0 and the TDRE is set when the 


Transmit Shift Register (TSR) is "empty". 
More than 9th clock 


pulse of external are ignored. 
When data transmit is selected to the clock output, the MCV 


produces transmit data and synchronous clock at TDRE /lag clear. 
2) Data receive 
Data receive is enabled by selling RE bit. Port 2, bit 3 will be a 


serial input. The operating mode of data receive is decided by the 
TRCSRI and the RMCR. 
If the external clock input is selected, 8 external clock pulses and 


the synchronized receive data are input to port 2, bit 2 and bit 3 
respectively. The MCV 
put receive data into the receive data shift 


register by this clock and set the RDRF /lag at the termination of 8 
bit data receive. More than 9th clock pulse of external input are 
ignored. When RDRF is cleared, the MCV starts receiving the next 
data instantly. So, RDRF should be cleared with P22 "High". 


When data receive is selected with the clock output, 8 syn- 


chronous clocks are output to the external by selling RE bit. So 
receive data should be input from external synchronously with this 
clock. When the first byte data is received, the RDRF /lag is set. 
After the second byte, receive operation is performed by sending 
the synchronous clock to the external after clearing the RDRF bit. 


• Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 


• Receive data is latched at the rising edge. 


• 
Transmit/Receive 
Control Status Register (TRCSR1) 


($00111 
The TRCSRI is composed of 8 bits which are all readable. Bits 0 


to 4 are also writable. This register is initialized to $20 during reset. 
Each bit functions are as follows. 
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Bit 0 
WU Wake-up 
In a typical multi-processor configuration, the software pro- 


tocol provides the destination address at the first byte of the 
message. In order to make uninterested 
MCU ignore the 


remaining message, a wake-up function is available. By this, 
uninterested MCU can inhibit all further receive processing till 
the next message starts. 


Then wake-up function is triggered by consecutive I's with I 


frame length. The software protocol should provide the idle time 
between messages. 
By selling this bit, the MCU stops data receive till the next 


message. The receive of consecutive" I" with one frame length 
wakes up and clears this bit by hardware and then the MCU 
restarts receive operation. However, the RE flag should be 
already set before selling this bit. In the clocked synchronous 
mode WU is not available, so this bit should not be set. 


Bit 1 
TE Transmit Enable 


When this bit is set, transmit data will appear at port 2, bit 4 


after one frame preamble in asynchronous 
mode, while in 


clocked synchronous 
mode it appears immediately. This is 


executed regardless of the value of the corresponding DDR. 
When TE is cleared, the serial 110 doesn't affect port 2, bit 4. 
Bit 2 
TIE Transmit Interrupt Enable 


When this bit is set, an internal interrupt (IRQ,) is enabled 


when TDRE 
(bit 5) is set. When cleared, the interrupt is 


inhibited. 


Bit 3 
RE Receive Enable 


When set, a signal is input to the receiver from port 2, bit 3 


regardless of the value of the DDR. When RE is cleared, the 
serial 110 doesn't aflTectport 2, bit 3. 


Bit 4 
RIE Receive Interrupt Enable 


When this bit is set, an internal interrupt (IRQ,) is enabled 


when RDRF (bit 7) or ORFE (bit 6) is set. When cleared, the 
interrupt is inhibited. 


Bit 5 
TORE Transmit Data Register Empty 


TDRE is set by hardware when the TDR is transferred to the 


Transmit Shift Register in the asynchronous mode, while in 
clocked synchronous mode when the TDSR is "empty". 
This 


bit is cleared by reading the TRCSRI or TRCSR2 and writing 
new transmit data to the TDR when TDRE= I. TDRE is set to 


u 1" during 
reset. 


(Note) TDRE should be cleared in the transmittable state after 


the TE set. 


Bit 6 
ORFE Overrun Framing Error 


- ORFE is set by hardware when an overrun or a framing error 
is generated (during data-receive only). An overrun error occurs 
when new receive data is ready to be transferred to the RDR 
during RDRF still being set. A framing error occurs when a stop 
bit is "0". 
But in clocked synchronous mode, this bit is not 


affected. This bit is cleared by reading the TRCSRI or TRCSR2, 
and the RDR, when RDRF = I. ORFE is cleared during reset. 


Bit 7 
RORF Receive Data Register Full 


RDRF is set by hardware when data is received normally and 


transferred from the Receive Shift Register (RSR) to the RDR. 
This bit is cleared by reading TRCSR 1 or TRCSR2, and the 
RDR, when RDRF =1.This bit is cleared during reset. 


• 
Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial 110: 
· Baud Rate 
Data Format 


· Clock source 
. Port 2, Bit 2 Function 


· Operation Mode 
All bits are readable/writable. Bit0 to 5 of the RMCR are cleared 


during reset. 


BitO 
Bit 1 
Bit6 


SSO} 
SS1 
SS2 


These bits control the baud rate used for the SCI. Table 9 lists 
the available baud rates. The timer I FRC (SS2=0) and the timer 2 
up counter (SS2=I) provide the internal clock to the SCI. When 
selecting the timer 2 as a baud rate clock source, it functions as a 
baud rate generator. The timer 2 generates the baud rate listed in 
Table IO depending on the value of the TCONR. 
(Note) 
When operating the SCI with internal clock, do not per- 
form write operation to the timer/counter 
which is the 
clock source of the SCI. 


Bit2 
Bit3 
Bit4 


CCO} 
CC1 
CC2 


These bits control the data format and the clock source (refer to 
Table 11). 
• 
CCO, CCI and CC2 are cleared during reset and the MCU 
goes to the clocked synchronous mode of the external clock 
operation. Then the MCU automatically set port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of port 2 should be set to "I" 
and CCI and 
CCOto "0" and" I" respectively. 


• 
Transmit/Receive 
Control Status Register 2 (TRCSR2) 


The TRCSR2 is a 7-bit register which can select a data format in 
the asynchronous mode. The upper 3 bits are the same address as 
the TRCSRI. Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSRI or TRCSR2. Bits 0 to 2 of the TRCSR2 are 
used for read/write. Bits 4 to 7 are used only for read. 


Bit 0 
SBL Stop Bit Length 
This bit selects the stop bit length in the asynchronous mode. 
If this bit is "0", the stop bit is I-bit. If"I", 
the stop bit is 2-bit. 


This bit is cleared during reset. 


Bit 1 
EOP Even/Odd Parity 
This bit selects the parity generated and checked when the 
PEN is "I". If this bit is "0", the parity is even. If"I", 
it is odd. 
This bit is cleared during reset. 


Bit 2 
PEN Parity Enable 
This bit decides whether the parity bit should be generated 
and checked in the asynchronous mode or not. If this bit is "0", 
the parity bit is neither generated nor checked. If "I", 
it is 


generated and checked. This bit is cleared during reset. 


The 3 bits above do not affect the SCI opertion in the clocked 
synchronous mode. 


Bit 3 
Not Used 
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XTAL 
2.4576MHz 
4.0MHz 
4.9152MHz 


SS2 
SSl 
SSO 
E 
614.4kHz 
10MHz 
1 2288MHz 


0 
0 
0 
E: 16 
26;15/384008aud 
16ps/6250080OO 
13.us/76800Baud 


0 
0 
1 
Ee-128 
20BJlS/4800Baud 
128/15/7812.5Baud 
104 2 Jfs/9600Baud 


0 
1 
0 
E~ 1024 
, .67ms/600Baud 
1.024ms/976.6Baud 
833.3t1s/1200Baud 


0 
1 
1 
h4098 
667ms/150Baud 
4 096ms/244 
1Baud 
3.333ms/300Baud 


1 
- 
- 
- 
. 
• 
• 


( 


f: 
i~put 
clock 
frequency 
to the) 
timer 2 counter 


N=O-2SS 


XTAL 
40MHz 
6.0MHz 
80MHz 
SS2 
SS, 
SSO 
E 
1.0MHz 
15MHz 
2.0MHz 


0 
0 
0 
E:2 
2/ls/bit 
1 33JJs/bit 
1tis/bit 


0 
0 
1 
Ee-16 
16,us/bit 
10 7#S/blt 
B.us/bit 


0 
1 
0 
Ee-128 
128,us/bit 
853.us/btt 
64.uslblt 


0 
1 
1 
E~512 
512Jls/blt 
341 lis/bit 
256Jjs/bit 


1 
- 
- 
- 
.. 
.. 
.. 


( 
f: 
input clock 
frequency 
to the) 
timer 2 counter 


N = 0 - 
255 


~l 
2.4576MHz 
36864MHz 
4.0MHz 
49152MHz 
8.0MHz 
Baud Rate (Baud 


110 
2" 
32' 
35' 
43' 
70' 
150 
127 
191 
207 
255 
51' 
300 
83 
95 
103 
127 
207 
600 
31 
47 
51 
63 
103 


1200 
15 
23 
25 
31 
51 
2400 
7 
11 
12 
15 
25 
4800 
3 
5 
- 
7 
12 
9600 
1 
2 
- 
3 
- 


19200 
0 
- 
- 
1 
- 


38400 
- 
- 
- 
0 
- 


CC2 
CC1 
CCO 
Format 
Mode 
Clock Source 
Port 2, B;, 2 
Port 2, Bit 3 T 
Port 2, Bit 4 


0 
a 
0 
a-bit data 
Clocked Synchronous 
External 
Input 


a 
a 
1 
a-bit data 
Asynchronous 
Internal 
Not Used-- 


a 
I 
a 
a·bit data 
Asynchronous 
Internal 
Output- 
When the TRCSR1, 
RE bit is "1", 


bit 3 is used as a serial input. 


a 
1 
1 
a-bit data 
Asynchronous 
External 
Input 


I 
a 
0 
a·bit data 
Clocked Synchronous 
Int£rnal 
Output 


1 
a 
1 
7-bit data 
Asynchronous 
Internal 
Not Used-- 


I 
I 
0 
7·bit data 
Asynchronous 
Internal 
Output· 
When the TRCSR1, 
TE bit is "1", 


bit 4 is used as a serial output. 


I 
1 
1 
7·bit data 
Asynchronous 
External 
Input 
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Bit 4 
PER Parity Error 


This bit is set when the PEN is "I" 
and a parity error occurs. 


It is cleared by reading the RDR 
after reading the TRCSR2, 
when PER=1. 


Bit& 
TORE 
Transmit 
Data Register Empty 
Bit6 
ORFE 
Overrun/Framing 
Error 


Bit7 
RORF 
Receive Data Register Full 


• 
Each flag of the TORE, 
ORFE, and RDRF 
can be read from 


either the TRCSRI 
or TRCSR2. 


• 
TIMER, SCI STATUS FLAG 
Table 12 shows the set and reset conditions of each status flag in 
the timer 
I, timer 2 and SCI. 


Set Condition 
Clear Condition 


P6CSR 
IS FLAG 
Falling edge input to P54 (is) 
1. 
Read the P6CSR then read or write the 
PORT6, when IS FLAG = 1 


2. 
RES =0 


ICF 
FRC-ICR 
by Rising or Falling edge input to 
1. 
Read the TCSR 1 or TCSR2 then ICRH, 


P20' 
when ICF = 1 
(Selecting with the IEDG bitl 
2. 
RES=O 


OCF1 
OCR1 = FRC 
1. 
Read the TCSR 1 or TCSR2 then write to 
theOCR1HorOCR1L,whenOCF1 
= 1 


Timer 
2. 
RES = 0 


1 


OCF2 
OCR2 = FRC 
1. 
Read the TCSR2 then write to the OCR2H 
or OCR2L, when OCF2 = 1 


2. 
RES = 0 


TOF 
FRC = $FFFF+ 1 cycle 
1. 
Read the TCSR1 then FRCH, when 
TOF = 1 


2. 
RES = 0 


Timer 
CMF 
T2CNT = TCONR 
1. 
Write "0" 
to CMF, when CMF = 1 
2 
2. 
RES =0 


RDRF 
Receive Shift Register - 
RDR 
1. 
Read the TRCSR 1 or TRCSR2 then RDR, 
when RDRF = 1 


2. 
RES = 0 


ORFE 
1. 
Framing Error (Asynchronous 
Model 
1. 
Read the TRCSR1 or TRCSR2 then RDR, when 


Stop Sit = 0 
ORFE = 1 


2. 
Overrun Error (Asynchronous 
Mode) 
2. 
RES = 0 
Receive Shift Register - 
RDR when 


SCI 
RDRF = 1 


TDRE 
1. 
Asynchronous 
Mode 
Read the TRCSR 1 or TRCSR2 then write to the 


TDR - 
Transmit Shift Register 
TDR, when TDRE = 1 


2. 
Clocked Synchronous 
Mode 
Transmit Shift Register is "empty" 
Notel 
TDRE should be reset after the TE set. 


3. 
RES = 0 


PER 
Parity when PEN= 1 
1. 
Read the TRCSR2 then RDR, when PER= 1 


2. 
RES=O 


ICRH;Upper byte of ICR 
OCRl H; Upper byte of OCRl 
OCR2H;Upper byte of OCR2 


OCR1L;Lower byte of OCRl 
OCR2L;Lower byte of OCR2 


FRCH;Upper byte of FRC 
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• 
LOW POWER DISSIPATION 
MODE 


The HD6301YO provides two low power dissipation modes; 
sleep and standby. 


• 
Sleep Mode 
The MCU goes to the sleep mode by SLP instruction execution. 
In the sleep mode, the CPU stops its operation, while the registers' 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis- 
sipation of sleep-condition is one fifth that of operating condition. 


The MCU returns from this mode by an interrupt, RES or 


STBY; it goes to the reset state by RES and the standby mode by 
STBY.When the CPU acknowledges an interrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for 
example, if the timer 1 or 2 prohibits a timer interrupt, the CPU 
doesn't cancel the sleep mode because of no interrupt request. 


This sleep mode is effective to reduce the power dissipation for a 


system with no need of the HD6301YO's consecutive operation. 


• 
Standby Mode 
The MCU goes to the standby mode with the STBY "Low" or 


by clearing the STBY flag. In this mode, the HD6301YOstops all 
the clocks and goes to the reset state. In this mode, the power dis- 
sipation is reduced to several,...A. During standby, all pins, except 
the power supply (Vee' Vss), the STBY, RES and XTAL (which 
outputs "0"), go to the high impedance state. In this mode, power 
(Vee) is supplied to the HD6301YO,and the contents of RAM is 
retained. The MCV returns from this mode during reset. When the 
MCV goes to the standby mode with STBY "Low", it willrestart at 
the timing shown in Fig. 29(a). When the MCV goes to the standby 
mode by clearing the STBY flag, it will restart only by keeping the 
RES "Low" 
for longer than the oscillating stabilization time. 


(Fig. 29(b)) 
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Standby Mode Timing 
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• 
TRAP FUNCTION 
The 
CPU 
generates 
an 
interrupt 
with 
the 
highest 
priority 


(TRAP) 
when 
fetching 
an undefined 
instruction 
or an instruction 


from 
non-memory 
space. 
The 
TRAP 
prevents 
the 
system-burst 


caused 
by noise 
or a program 
error. 


• 
Op Code 
Error 
When 
fetching 
an undefined 
op code, the CPU saves registers 
as 


well as a normal 
interrupt 
and 
branches 
to the 
TRAP 
(SFFEE, 
SFFEF). 
This has the priority 
next to reset. 


• 
Address 
Error 
When 
an 
instruction 
fetch 
is made 
excluding 
internal 
ROM, 
RAM and external 
memory 
area, the MCU generates 
an interrupt 


as well as an op code error. 
But on the system 
with no memory 
in its 


external 
memory 
area, 
this function 
is not applicable 
if an instruc- 
tion 
fetch 
is made 
from 
the external 
non-memory 
area. 
Table 
13 


p,ovides 
addresses 
where 
an address 
error 
occurs 
to each 
mode. 


This function 
is available 
only for an instruction 
fetch and is not 


applicable 
to the access 
of normal 
data read/write. 


Mode 
1 
2 
3 


$0000 
$0000 
$0000 


I 
I 
I 


Address 
$0027 
$0027 
$003F 


$0140 


I 


$BFFF 


(Note) 
The TRAP 
interrupt 
provides 
a retry function 
differently 


from other 
interrupts. 
This is a program 
flow return 
to the 


address 
where 
the TRAP 
occurs when a sequence 
returns 


to a main 
routine 
from 
the TRAP 
interrupt 
routine 
by 


RTI. 
The 
retry 
can prevent 
the 
system 
burst 
caused 
by 


noise, 
etc. 


However, 
if another 
TRAP 
occurs, 
the program 
repeats 
the 
TRAP 
interrupt 
forever, 
so 
the 
consideration 
is 


necessary 
in programming. 


• 
INSTRUCTION 
SET 


The 
HD6301 YO provides 
object 
code 
upward 
compatible 
with 


the HD6801 
to utilize all instruction 
set of the HMCS6800. 
It also 


reduces 
the 
execution 
times 
of key instructions 
for 
throughput 


improvement. 


Bit manipulation 
instruction, 
change 
instruction 
of the 
index 


register 
and accumulator 
and sleep instruction 
are also added. 
The followings 
are explained 
here. 


CPU 
Programming 
Model 
(refer 
to Fig. 30) 


Addressing 
Mode 


Accumulator 
and 
Memory 
Manipulation 
Instruction 
(refer 
to 


Table 
14) 
New Instruction 
Index 
Register 
and 
Stack 
Manipulation 
Instruction 
(refer 
to 


Table 
15) 


Jump 
and Branch 
Instruction 
(refer 
to Table 
16) 


Condition 
Code 
Register 
Manipulation 
(refer 
to Table 
17) 


Op Code 
Map 
(refer 
to Table 
18) 


• 
Programming 
Model 


Fig. 30 depicts 
the HD6301 YO programming 
model. 
The double 


accumulator 
D consists 
of accumulator 
A and B, so when 
using the 


accumulator 
D, the contents 
of A and B are destroyed. 


I" 
01 
I"dlu R"",". 
no 


I" 
SP 
01 


I" 
PC 
01 
p,.o.g'.mCO 
••••••• 
tl"Cl 


, 
0 


~ 


1 
•.•• I 
N 
1 
II 
C 
eon."hone-R 
••••••• ICCRI 


C.'wlloHo","om 
MSI 
"-''- 
l~.N..-,_ 


In.·"uP· 
Halt 
c...,y 
CF'OfOlI" J' 


• 
CPU Addresslng 
Mode 
The 
HD6301 YO provides 
7 addressing 
modes. 
The 
addressing 
mode 
is determined 
by an instruction 
type 
and 
code. 
Tables 
14 
through 
18 show 
addressing 
modes 
of each 
instrution 
with 
the 
execution 
times 
counted 
by the machine 
cycle. 


When 
the 
clock 
frequency 
is 4MHz, 
the 
machine 
cycle 
time 


becomes 
microseconds 
directly. 


Accumulator 
(ACCX) Addressing 
Only an accumulator 
is addressed 
and the accumulator 
A or B is 


selected. 
This is a one-byte 
instruction. 


Immediate 
Addressing 
This addressing 
locates 
a data in the second 
byte of an instruc- 
tion. However, 
LDS and LDX locate a data in the second 
and third 
byte exceptionally. 
This addressing 
is a 2 or 3-byte 
instruction. 


Direct 
Addressing 
In this addressing 
mode, 
the second 
byte of an instruction 
shows 
the address 
where a data is stored. 
256 bytes 
(SO through 
S255) can 
be addressed 
directly. 
Execution 
times 
can be reduced 
by storing 
data in this area so it is recommended 
to make 
it RAM 
for users' 


data 
area 
in configurating 
a system. 
This 
is a 2-byte 
instruction, 


while 3 byte with regard 
to AIM, 
OIM, 
ElM and TIM. 


Extended 
Addressing 
In this mode, 
the second 
byte shows 
the upper 
8 bit of the data 


stored 
address 
and the third byte the lower 8 bii. This indicates 
the 


absolute 
address 
of 3 byte instruction 
in the memory. 


Indexed 
Addressing 
The 
second 
byte 
of an instruction 
and 
the 
lower 
8 bit of the 
index register 
are added 
in this mode. 
As for AIM, 
aiM, 
ElM and 
TIM, 
the third 
byte of an instruction 
and the lower 
8 bits of the 
index 
register 
are added. 


This carry is added 
to the upper 
8 bit of the index 
register 
and 
the result is used for addressing 
the memory. 
The modified 
address 


is retained 
in the temporary 
address 
register, 
so the contents 
of the 
index 
register 
doesn't 
change. 
This 
is a 2-byte 
instruction 
except 
AIM, 
OIM, 
ElM and TIM 
(J-byte 
instruction). 
Implied 
Addressing 
An instruction 
itself specifies 
the address. 
This is, the instruction 


addresses 
a stack 
pointer, 
index 
register, 
etc. This 
is a one-byte 
instruction. 
RelatiVe 
Addressing 
The 
second 
byte of an instruction 
and the 
lower 
8 bits of the 
program 
counter 
are added. 
The 
carry or borrow 
is added 
to the 
upper 
8 bit. So addressing 
from 
-126 
to + 129 byte of the current 
instruction 
is enabled. 
This is a 2-byte 
instruction. 


(Note) 
CLI, 
SEI Instructions 
and Interrupt 
Operation 


When 
accepting 
the 
IRQ 
at a preset 
timing 
with 
the 
CLI and SEI instructions, 
more 
than 
2 cycles 
are neces- 


sary 
between 
the 
CLI and 
SEI instructions. 
For exam- 


ple, the following 
program 
(a) (b) don't 
accept 
the IRQ 
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CLl 
NOP 


SEI 


CLl 
NOP 
NOP 
SEI 
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Condition 
Cod" 


AddreSSing Modes 
Register 
Operations 
Mnemonic 
Boolean I 
5 
2 
IMMED 
DIRECT 
INDEx 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
4 
3 
1 
0 


OP - • 
OP - • 
OP - • 
OP - . OP - • 
H 
I 
N 
Z 
V 
C 


Add 
AOOA 
88 
2 
2 
98 
3 
2 
AB 
0 
2 
BB 
4 
3 
A + M- 
A 
I · 


I 
I 
I 
I 


ADOS 
CB 
2 
2 
OB 
3 
2 
EB 
4 
2 
F8 
4 
3 
B+M-B 
I · 


I 
I 
I 
I 


Add Double 
AOOD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A 
B + M: 
M+1-A:8 
·· 


I 
I 
I 
I 


Add Accumulators 
ABA 
lB 
1 
1 
A+8-A 
I · 


I 
I 
I 
I 


Add With 
CArry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A-+M-+C-A 
I · : 
I 
I 
I 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
a+M+C-B 
I · 


I 
I 
I 
I 


AND 
ANDA 
B4 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
·· 


I 
I 
R · 
ANDa 
co 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
0 
3 
8·M- 
8 
·· 


I 
I 
R · 
Bit Test 
BIT 
A 
B5 
2 
2 
95 
3 
2 
AS 
4 
2 
B5 
4 
3 
A·M 
·· 
I 
I 
R · 
BIT 
B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
·· 
I 
I 
R · 
Clear 
CLR 
6F 
5 
2 
7F 
5 
3 
00 - 
M 
·· 


R 
S 
R 
R 


CLRA 
OF 
1 
1 
00- 
A 
·· 
R 
S 
R 
R 


CLRB 
SF 
1 
1 
00 
- 
B 
·· 
R 
S 
R 
R 


Compare 
CMPA 
BI 
2 
2 
91 
3 
2 
AI 
4 
2 
Bl 
4 
3 
A-M 
·· 
I 
I 
I 
I 


CMPB 
Cl 
2 
2 
Dl 
3 
2 
EI 
4 
2 
F1 
4 
3 
B-M 
·· 
I 
I 
I 
I 


Compare 
CBA 
11 
1 
1 
A-B 
·· 
I 
I 
I 
I 
Accumulators 


Complement. 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 
I 
I 
R 
S 


COMA 
43 
1 
1 
A -A 
·· 


I 
I 
R 
S 


COMB 
53 
1 
1 
B 
-B 
·· 
I 
I 
R 
S 


Complement.2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I 
I 
<D12> 


(Nepte' 
NEGA 
40 
1 
1 
OO-A-A 
·· 


I 
I 
<D12> 


NEGB 
50 , 
1 
00-8-8 
·· 


I 
I 
<D12> 


Decimal 
AdJust, A 
DAA 
19 
2 
1 
Converts bmary 
add of BCD ·· 


I 
I 
I 
12> 
characters 
Into BCD format 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M - 
1 - 
M 
·· 


I 
I 
liP 
• 


DECA 
4A 
1 
1 
A - 
1 - 
A 
·· 


I 
I 
liP 
• 


DECB 
SA 
1 
1 
B-1 
....•S 
·· 
I 
I 
liP 
• 


Exclusi •••• OR 
EORA 
B8 
2 
2 
98 
3 
2 
A8 
4 
2 
BB 
0 
3 
A@M-A 
·· 


I 
I 
R · 
EORB 
C8 
2 
2 
D8 
3 
2 
EB 
4 
2 
F8 
0 
3 
a @M 
....• S 
·· 
I 
I 
R · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M 
+ 1 -M 
·· 
I 
I 
<S 
• 


INCA 
4C 
1 , 
A + 1 - 
A 
·· 


I 
I 
<S 
• 


INCa 
5C 
1 
1 
8 
+ 1 ....•B 
·· 


I 
I 
<S 
• 


Loed 
LOAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
0 
3 
M-A 
·· 
I 
I 
R · 
Accumulator 
LOAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M -B 
·· 
I 
I 
R · 
Lo-d 
Double 
LDD 
CC 
3 
3 
DC 
0 
2 
EC 
5 
2 
FC 
5 
3 
M + 1- 
B. M ....•A 
·· 


I 
I 
R · 
Accumulator 


Multiply 
Unsigned 
MUL 
3D 
7 
1 
All.B-A:B 
···· • <l) 


OR, 
Inclusive 
ORAA 
BA 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
0 
3 
A+M 
....•A 
·· 


I 
I 
R · 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
0 
2 
FA 
0 
3 
B +M 
....• B 
·· 


I 
I 
R · 
PUSh Oet. 
PSHA 
36 
0 
1 
A - 
MsP. SP - 
1 ....•SP 
······ 
PSHB 
37 
0 
1 
B ....•MsP. SP - 
1 ....•SP 
······ 
Pull D.ta 
PULA 
32 
3 
1 
SP + , ....•SP.MsP- 
A 
······ 
PULB 
33 
3 
1 
SP -+ 1 - 
SP. Msp ....•B 
······ 
ROtate 
Left 
ROL 
69 
6 
2 
79 
6 
3 
~14]4iI I ! I i I 
·· 
I 
I • I 


RQLA 
49 
1 
1 
I fJ ·· 


I 
I 
CIl 
I 


ROLB 
59 
1 
1 
B 
C 
b7 
bO ·· 
I 
I 
CIl 
I 


ROtate Right 
ROR 
66 
6 
2 
76 
6 
3 
:)b, 
jJ ·· 


I 
I 
CIl 
I 


RORA 
46 
1 
1 
I II 
I I I ·· 


I 
I 
CIl 
I 


B 
C 
b7 
bO 


RORB 
56 
1 
1 
·· 
I 
I 
CIl I 
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Addreuing 
Modes 
Condition 
Code 
Register 
Oper.tions 
Mn~nic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Booleenl 
5 
4 
3 
2 
1 
0 
Arithmetic 
Operetion 


DP - • 
DP - • 
oP - • 
DP - • 
oP - • 
H 
I 
N 
Z 
V 
C 


Shih 
Leh 
ASL 
68 
6 
2 
78 
6 
3 
M 
j 
_ 
·· 


I , (ID' 
Arithmetic 
ASLA 
48 
1 
1 
A 
~ 
1IIIII1 
"","0 ··, , lID' 


ASlB 
58 
1 
1 
8 
C 
b7 
bO ··, , 6 , 


Double 
Shih 
ASLD 
05 , 
1 
~ 
ACC~. 
f+-o ·· 


I , 6 , 
Left, 
Arithmetic 
A1 
AO 
87 
10 


Shift 
Right 
ASR 
67 
6 
2 
77 
6 
3 
:1~111Iii I ~ 
··, , 
6 , 


Arithmetic 
ASRA 
47 , 
1 
·· 


I , 
6 , 


ASR8 
57 , , 
8 
b7 
bO 
··, I 
6 , 


Shih 
Right 
LSR 
64 
6 
2 
74 
6 
3 
M\ 
_ 
·· 


R I 
6 , 


logiC81 
LSRA 
44 , 
1 
A o...t III! 
III 
~ 
·· 
R 
I ®' 


LSR8 
54 
1 
1 
8 
b7 
bO 
·· 
R 
I 
6 , 


Double 
Shih 
- 
<ID 
lSRD 
04 
1 
1 
o~ 
ACC AI 
ACC. 
J-o[J ·· 


R I 
, 
Right 
logicel 
., 
AO 
87 
.0 
C 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
81 
4 
3 
A~ 
M 
·· 
I I 
R · 
Accumuletor 
STA8 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
8_M 
·· 


I I 
R · 
Store 
Double 
STD 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 
A_ 
M 
·· 


I , 
R · 


Accumuletor 
8 _ M+' 


Subtrect 
SU8A 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
80 
4 
3 
A - 
M ....•A 
·· 
I , , I 


SU88 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
8 - M ....•8 
··, I I , 


Double 
Subtr.ct 
SU8D 
83 
3 
3 
93 
4 
2 
A3 
5 
2 
83 
5 
3 
A: 
8-M 
: M 1', .....A: 
8 ··, I I I 


Subtract 
S8A 
'0 , 
1 
A - 8 ....•A 
··, I I , 
Accumuletors 


Subtrect 
S8CA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
82 
4 
3 
A-M-C-A 
·· 


I , I , 


With 
CArrv 
S8C8 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
8 
M-C-8 
·· 


I , , I 


T,..nsf.r 
TA8 
16 , 
1 
A-8 
··, , R · 
Accumut8tors 
T8A 
17 
1 
1 
8 _ 
A 
··, , R · 
Test 
Z.ro 
or 
TST 
60 
4 
2 
70 
4 
3 
M -00 
·· 
I I 
R 
R 


Minus 
TSTA 
40 , 
1 
A -00 
··, , 
R 
R 


TST8 
50 
1 , 
8 - 
00 
·· 


I , R 
R 


And 
Immed.ete 
AIM 
71 
6 
3 
61 
7 
3 
M·IMM-M 
• • I I 
R • 


OR Immecbte 
aiM 
72 
6 
3 
62 
7 
3 
M+IMM-M 
• • I I 
R • 


EOR Immechete 
ElM 
75 
6 
3 
65 
7 
3 
M®IMM-M 
•· 


1 : 
R • 


Test 
Immechete 
TIM 
78 
4 
3 
68 
5 
3 
M·IMM 
•· 


I I 
R • 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• 
Additionallnstruction 
In addition to the HD6801 instruction set, the HD6301YO pre- 


pares the following new instructions. 


AIM 
. .. 
(M)· (IMM) - 
(M) 


Executes "AND" 
operation to immediate data and the 


memory contents and stores its result in the memory. 


OIM 
(M)+(IMM) 
- 
(M) 


Executes "OR" operation to immediate data and the memo- 
ry contents and stores its result in the memory. 


ElM 
(M)$(IMM) 
- 
(M) 


Executes "EOR" 
operation to immediate data and the 


memory contents and stores its result in the memory. 


TIM 
(M) . (IMM) 


Executes" AND" operation to immediate data and changes 
the relative nag of the condition code register. 


These are the 3-byte instructions; the first byte is op code, the 


second immediate data and the third address modifier. 


XGDX 
(ACCD)-(IX) 


Exchanges the contents 
of aocumulator and 
the 
index 


register. 


SLP 
Goes to the sleep mode. Refer to "LOW POWER DISSIPA- 
TION MODE" for more details of the sleep mode. 


Addren,ng 
Modes 
Condition 
Code 


Booleanl 
Registe, 


POlntef" 
OperatIons 
Mnemonic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 • 
3 
2 , 
0 


op - • 
OP - • 
OP - • 
OP - • 
OP - • 
•• 
I 
N 
Z 
V 
C 


Compare 
Index 
Reg 
CPX 
8C 
3 
3 
9C • 
2 
AC 
5 
2 
8C 
5 
3 
X-M:M+l 
·· 


; 
I : 
I 


Decrement 
Index 
Reg 
DEX 
09 , 
,. 
X 
,- 
X 
··· 
I ·· 
Decrement 
Stack 
Pntr 
DES 
3' , , 
SP 
1-5' 
······ 
-- 


08 , , 
X + 1 -+ X 
··· 
I ·· 


Increment 
Index 
Reg 
INX 


Increment 
Stack Pntr 
INS 
.- f-- 
i, , , SP.'-SP 
······ 
la.d 
Index Reg 
LOX 
CE 
3 
3 
DE • 
2 
EE 
5 
2 
FE 
5 
3 
M- 
XH.IM+ 
1) ....•XL ·· 


<1> I 
R · 
Loed 
Stack 
Pn1, 
LOS 
8E 
3 
3 
9E • 
2 
AE 
5 
2 
8E 
5 
3 
M- 
sPH.IM+1)-sP'L · 


'<1> 
I 
R · 
Store 
Index 
Reg 
STX 
OF • 
2 
EF 
5 
.2 
FF 
5 
3 
XH""" M. XL ....•(M + 1) ·· 


<1> I 
R · 
Store Stack Pntr 
STS 
9F 
• 
2 
AF 
5 
2 
8F 
5 
3 
,SPH ...•M,SPL 
....•IM+.lI ·· 


<1> I 
R · 
--I-'-- 
-- 
Inde. R~ 
-+ Stack Pnv 
TXS 
35 , , X-l-$P 
······ 
--;:;- TSX 
30 , , 
SP + 1 ...• X 
······ 


Stack 
Pntr ...• Index 
Reg 


Add 
ABX 
3A , , 
B+X-X 
······ 
f--- 
- 


Push 
Data 
PSHX 
3C 
5 , 
XL-M 
••. 
SP-l-SP 
······ 


-- -- 


XH- 
MtP. SP -1- 
SP 


Pull 
Data 
PUlX 
38 
4 , 
SP + 1 ....•SP. MtP 
...• XH ······ 
SP. 
' ....•SP.MIP-XL 


Exchange 
XGDX 
'8 
2 , 
ACeD··IX 
·• • • • • 
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Addressing 
Modes 
Condition 
Code 
Aegister 
()perations 
MnemonIC 
RELATIVE I DIRECT 
INDEX 
EXTEND 
IMPLIED 
Branch Test 
5 • 
3 
2 
1 
0 


OP - .Iop - .OP - .OP - .OP - . 
H 
I 
N 
Z 
Y 
C 


Branch Always 
BRA 
20 
3 
2 
I 
None 
······ 
Branch Newr 
BRN 
21 
3 
2 
None 
······ 
Branch 
If Carry 
Clear 
BCC 
2' 
3 
2 
C'O 
······ 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C'1 
······ 
Branch 
If - Z.ro 
BEO 
27 
3 
2 
Z'l 
······ 
Branch 
If ;> Z.ro 
BGE 
2C 
3 
2 
N0v-o 
······ 
Branch 
If > Zero 
BGT 
2E 
3 
2 
Z. 
(N @ VI- 
0 
······ 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z-O 
······ 
Branch 
If " 
Zero 
BLE 
2F 
3 
2 
Z. 
(N 0 
VI - 
1 
······ 
Branch 
If Lower 
Dr 
BLS 
23 
3 
2 
C.Z-' 
···'. ·· 
Som. 


B,..nch 
If < Zero 
BLT 
20 
3 
2 
N0v-, 
······ 
Branch 
It Minus 
BM' 
2B 
3 
2 
N'1 
······ 
Branch 
If Not 
Equal 
BNE 
26 
3 
2 
Z'O 
······ 
Z.ro 


B,.nch 
" Overflow 
BYC 
2B 
3 
2 
Y-O 
······ 
CIe.r 


B,.nch 
If Owrftow 
Stt 
BYS 
29 
3 
2 
Y - 
1 
······ 
B,..nch 
If Plus 
BPL 
2A 
3 
2 
N-O 
······ 
Branch To Subroutine 
BSR 
BD 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To SutH'outin. 
JSR 
90 
5 
2 
AO 
5 
2 
BD 
6 
3 
······ 


No Ope,.tlon 
NOP 
01 
1 
1 
Advances Prog. Cntr. ······ 
Only 


R.turn 
From 
Interrupt 
RTI 
36 
10 
1 
--(! -- 


Aetum 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Sohwer. 
Interrupt 
SWI 
JF 
12 
1 
· 


S ···· 
W.it 
for Interrupt- 
WA' 
3E 
9 
1 
· J' • ··· 
SIND. 
SLP 
lA • , 
···• • • 
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ddressingMode1 
CondItion 
Code 
Register 


()ptr.tions 
Mnemonic 
IMPLIED 
Boolean 
Operation 
5 • 
3 
2 
1 
0 


OP - 
• 
H 
I 
N 
Z 
V 
C 


C•• ., 
Cerry 
CLC 
OC 
1 , 
O-C 
· · · · · 
R 


C"er 
Interrupt 
Mask 
ClI 
OE 
1 
1 
0-1 
· 


R · · · · 
Ct.r 
Overflow 
CLV 
OA 
1 , 
O-V 
· · · · 


R · 
Set Cerrv 
SEC 
00 
1 , 
1 -C 
· · · · · 
S 


set 
Interrupt 
Mask 
SEI 
OF 
1 , 
, -I 
· 


S · · · · 
Set O ••• rflow 
SEV 
OB 
1 
1 
1 -V 
· · · · 


S · 
Aecumuletor 
A ...• CCR 
TAP 
06 
1 , 
A_ 
CCR 
@ 


CCR 
...• Accumulator 
A 
TPA 
01 
1 
1 
CCR 
...• A 
· • I • I • 
• I. 


LEGEND 


OP 
Operation Code (Hexadecimal) 
Number 
of MCU Cycles 
MSp 
Contents of memory location pointed by Stack Pointer 


# 
Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 
Boolean 
AND 


+ 
Boolean Inclusive OA 
e 
Boolean Exclusive OR 


M 
Complement of M 
Transfer into 
OBit 
= Zero 


00 
Byte = Zero 


CONDITION 
CODE 
SYMBOLS 
H 
Half-carry from bit 3 to bit 4 


I 
Interrupt mask 
N 
Negative (signbit) 
Z 
Zero 
Ibyte) 
V 
Overflow, 2's co?"plement 


C 
Carry/Borrow from/to 
bit 7 


A 
Aeset Always 


S 
Set Always 
t 
Set if true after test or clear 


• 
Not Affected 


(Note) 
Condition Code Register Notes: 
(Bit set if test is true and cleared otherwise) 


CD 
(Bit 
VI 
Test: 
Result 
= 1ס0ooooo7 
o 
IBit 
CI 
Test: 
Result 
~ 0ס0ooooo7 


@ 
(Bit C) 
Test: 
BCD Character of high~rder byte greater than 107 
(Not cleared if previously setl 


@ 
(Bit V) 
Test: 
Operand = 10000000 
prior to execution? 


® 
(Bit V) 
Test: 
Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: Set equal to Ne 
C = 1 after the execution of instructions 


(1) 
(Bit N) 
Test: 
Result lessthan zero? IBit 15=11 


® 
(All Bit) 
Load Condition Code Register from Stack. 


@> 
(Bit II 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 


@> 
(All Bit) 
Set according to the contents of Accumulator A. 


® 
IBit 
C) 
Result 
of Multiplication 
Bit 
7=17 
IACCB) 


OP 
ACC 
ACC 
% 


AceA 
or 
SP 
ACCB 
or X 


INO 


CODE 
A 
B 
DIR 
IMM 
1 
DIR 
1 
IND 
I 
EXT 
IMM 
I 
DIR 
I 
IND 
I 
EXT 
;~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1 
1001 
1 
1010 
I 
1011 
1100 
I 
1101 
I 
1110 
I 
1111 
LO 
0 
1 
2 
3 
• 
5 
6 
7 
8 
1 
9 
1 
A 
I 
B 
C 
I 
DIE 
1 
F 


סס oo 
0 ------ 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 , 
NOP 
CBA 
BRN 
INS -- 


1 
AIM 
CMP 
1 


0010 
2 ../' 
../' 
BHI 
PULA --- 
I 
OIM 
SBC 
2 


0011 
3 ------ ------ 
BLS 
PULB 
COM 
SUBD 
I 
ADDD 
3 


0'00 • 
LSRD 
..------ 
BCC 
DES 
LSR 
AND 
• 
0101 
5 
ASLD 
..------ 
BCS 
TXS 
---- 
ElM 
BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
1 
TPA 
TBA 
BEQ 
PSHB 
ASR 
../'1 
STA 
..------1 
STA 
7 


1000 
8 
INX 
XGDX 
BVC 
PUlX 
ASL 
EDR 
8 


1001 
9 
DEX 
DAA 
BVS 
RTS 
ROL 
ADC 
9 


1010 
A 
CLV 
SLP 
BPL 
ABX 
DEC 
ORA 
A 


'Oil 
B 
SEV 
ABA 
BMI 
RTI -- 
I 
TIM 
ADD 
B 


1100 
C 
CLC 
..------ 
BGE 
PSHX 
INC 
CPX 
LDD 
C 


1101 
0 
SEC 
..------ 
BLT 
MUL 
TST 
BSR 
1 
JSR 
..______1 
STD 
0 


1110 
E 
CLI 
------ 
BGT 
WAI 
..______ 
- 1-------- I 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
------ 
BLE 
SWI 
CLR 
.......----1 
STS 
..........-l 
STX 
F 


0 
1 
2 
3 
• 
1 
5 
1 
6 
7 
8 
1 
9 
1 
A 
1 
B 
C 
1 
0 
1 
E 
1 
F 


UNDEmlED 
OP CODE 
~ 


• Only each instructions of AIM, OIM, ElM, TIM 
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• 
CPU OPERATION 


• 
CPU Instruction 
Flow 
When 
operating, 
the CPU fetches 
an instrution 
from a memory 


and executes 
the required 
function. 
This sequence 
starts 
with RES 


cancel 
and 
repeats 
itself 
limitlessly 
if not 
affected 
by 
a special 


instruction 
or a control 
signal. SWl, RTI, WAI and SLP instructions 


change 
this operation, 
while NMI, 
IRQ" 1RQ" 
IRQ" 
HALT 
and 


STBY control 
it. Fig. 31 gives the CPU mode transition 
and Fig. 32 


the CPU 
system 
flow chart. 
Table 
19 shows 
CPU 
operating 
states 


• 
Operation at Each Instruction 
Cycle 
Table 
20 shows 
the operation 
at each 
instruction 
cycle. By the 


pipeline control 
of the H0630IYO, 
MULT, 
PUL, OAA and XGOX 


instructions, 
etc. 
prefetch 
the 
next 
instruction. 
So 
attention 
is 


necessary 
to the 
counting 
of the 
instruction 
cycles 
because 
it is 


different 
from 
the 
usual 
one - from 
op code 
fetch 
to the 
next 


instruction 
op code. 


Port 
Mode 
Reset 
STBy·· 
•• 
HALr·· 
Sleep 


Port 1 
Mode 1, 2 
H 
T 
H 


(AOtoA7) 
T 
-- 


Mode 3 
T 
Keep 


Port 2 


Mode 1, 2 
Keep 
T 
T 
--- 
Keep 
Mode 3 


Port 3 
Mode 1, 2 
T 
T 
(DOto D7) 
T 
T 
------- 
Mode 3 
Keep 


Mode 1 
H 
H 
Port 4 
T 


(A8toA15) 
Mode 2 
T 
..... 


Mode 3 
T 
---- 
Keep 


Port 5 


Model,2 
Keep 
T 
T 
Keep 
Mode 3 
---- 


Port 6 
Mode 1, 2 
Keep 
T 
T 
---- 
Keep 
Mode 3 


Mode 1, 2 
.. 


Port 7 
T 
----- 
Mode 3 
T 
Keep 


H; High, 
l; Low, 
T; High Impedance 


Keep; 
The output port is retained. and the input port goes to the high impedance state. 


RD, WR. Riw, lIR = H, SA = L 
RD, WR, R/W = T, lIR, SA = H 
HALT is unacceptable 
in mode 3. 
E pin goes to high impedance state. 
Address 
output 
pin = H 


Input port = T 
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::I:~. 
om; 


0 
PC·1 


~ 
1-' 


» 
pc-, 


3 
~o· 
III 
C; 
po 
• 
I\) 
~0 
0 
oi 


~~ 
~:I 
(l) 
_ 
• ~ 
(J) 0 
III :I 
::l 
C-o 
lJ) 
.!D 


(Notel 
1. The program sequence will com..!L!.o the ill 
start from 
any 
place of 
the 
flow 
during 
RES. 
When 
STBY=O, 
the 
sequence 
will go into the standby 
mode 
regardless 
of the CPU 
condition. 


ADC 
ADD 
1 
Op Code Address+ 1 
1 
0 
1 
, 
Operand Data 
AND 
BIT 
2 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
CMP 
EOR 
2 
LOA 
ORA 


SBC 
SUB 
ADDD 
CPX 
1 
Op Code Address + , 
1 
0 
1 
, 
Operand Data (MSB) 


LDD 
LOS 
J 
2 
Op Code Address + 2 
1 
0 
1 
, 
Operand Data (LSB) 


LOX 
SUBD 
J 
Op Code Address+J 
1 
0 
1 
0 
Next Op Code 


ADC 
ADD 
1 
Op Code Address+ 1 
, 
0 
1 
1 
Address of Operand (LSB) 


AND 
BIT 
2 
Address of Operand 
, 
0 
1 
, 
Operand Data 
CMP 
EOR 
J 
J 
Op Code Address + 2 
, 
0 
, 
0 
Next Op Code 
LOA 
ORA 
SBC 
SUB 
STA 
1 
Op Code Address+ 1 
, 
0 
, 
1 
Destination Address 
J 
2 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 


J 
Op Code Address + 2 
, 
0 
1 
0 
Next Op Code 
ADDD 
CPX 
1 
Op Code Address+ 1 
1 
0 
1 
, 
Address of Operand (LSB) 


LDD 
LOS 
4 
2 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 


LOX 
SUBD 
J 
Address of Operand + 1 
1. 
0 
, 
1 
Operand Data (LSB) 
4 
Op Code Address+2 
, 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address + 1 
, 
0 
1 
, 
Destination Address (LSB) 


STX 
4 
2 
Destination Address 
0 
, 
0 
, 
Register Data IMSB) 
J 
Destination Address + 1 
0 
1 
0 
, 
Register Data (LSB) 


4 
Op Code Address + 2 
, 
0 
, 
0 
Next Op Code 
JSR 
1 
Op Code Address + , 
, 
0 
, 
1 
Jump Address (LSB) 
2 
FFFF 
1 
, 
, 
1 
Restart Address (LSB) 


5 
J 
Stack Pointer 
0 
, 
0 
1 
Return Address (LSB) 


4 
Stack Pointer-1 
0 
, 
0 
1 
Return Address (MSB) 


5 
Jump Address 
1 
0 
, 
0 
First Subroutine Op Code 


TIM 
, 
Op Code Address + 1 
1 
0 
, 
1 
Immediate Data 


4 
2 
Op Code Address + 2 
, 
0 
, 
1 
Address of Operand (LSB) 


J 
Address of Operand 
1 
0 
, 
, 
Operand Data 
4 
Op Code Address + J 
, 
0 
, 
0 
Next Op Code 
AIM 
ElM 
1 
Op Code Address + 1 
, 
0 
, 
1 
Immediate Data 
OIM 
2 
Op Code Address + 2 
, 
0 
, 
, 
Address of Operand (LSB) 


6 
J 
Address of Operand 
, 
0 
, 
, 
Operand Data 


4 
FFFF 
, 
, 
, 
, 
Restart Address (LSB) 


5 
Address of Operand 
0 
1 
0 
, 
New Operand Data 


6 
Op Code Address+J 
1 
0 
1 
0 
Next Op Code 
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JMP 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 


3 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


3 
Jump Address 
1 
0 
1 
0 
First Op Code of Jump Routine 
ADC 
ADD 
1 
Dp Code Address+ 
1 
1 
0 
1 
1 
Offset 
AND 
BIT 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


CMP 
EOR 
4 
3 
IX + Offset 
1 
() 
1 
1 
Operand 
Data 
LOA 
ORA 
4 
Dp Code Address+2 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 
TST 
STA 
1 
Op Code Address+l 
1 
0 
1 
1 
Offset 


4 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


3 
IX+Offset 
0 
1 
0 
1 
Accumulator 
Data 
4 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
ADDD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 
CPX 
LDD 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


LOS 
LOX 
5 
3 
IX+Offset 
1 
0 
1 
1 
Operand 
Data (MSB) 


SUBD 
4 
IX+Offset+ 
1 
1 
0 
1 
1 
Operand 
Data (LSB) 


5 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 
STX 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


5 
3 
IX+Offset 
0 
1 
0 
1 
Register Data (MSB) 


4 
IX+Offset+l 
0 
1 
0 
1 
Register Data (LSB) 


5 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(LSB) 


4 
Stack Pointer-l 
0 
1 
0 
1 
Return Address 
(MSB) 


5 
IX + Offset 
1 
0 
1 
0 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 
COM 
DEC 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


INC 
LSR 
6 
3 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 
NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


ROR 
5 
IX + Offset 
0 
1 
0 
1 
New Operand 
Data 


6 
Op Code Address+ 
2 
1 
0 
1 
0 
Next Op Code 
TIM 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Immediate 
Data 


2 
Op Code Address+2 
1 
0 
1 
1 
Offset 


5 
3 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


4 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 


5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address+l 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


5 
3 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 
4 
IX + Offset 
0 
1 
0 
1 
00 


5 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Immediate 
Data 
OIM 
2 
Op Code Address + 2 
1 
0 
1 
1 
Offset 


3 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


7 
4 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 


5 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


6 
IX + Offset 
0 
1 
0 
1 
New Operand 
Data 


7 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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JMP 
1 
Op Code Address + 1 
1 
0 
1 
1 
Jump Address (MSB) 
3 
2 
Op Code Address + 2 
1 
0 
1 
1 
Jump Address (LSB) 
3 
Jump Address 
1 
0 
1 
0 
Next Op Code 
ADC 
ADD 
TST 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 


AND 
BIT 
4 
2 
Op Code Address+2 
1 
0 
1 
1 
Address of Operand (LSB) 


CMP 
EOR 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
LOA 
ORA 
4 
Op Code Address+ 3 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 
STA 
1 
Op Code Address + 1 
1 
0 
1 
1 
Destination Address (MSB) 


4 
2 
Op Code Address + 2 
1 
0 
1 
1 
Destination Address (LSB) 


3 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 
4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
ADDD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 
CPX 
LDD 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 
LOS 
LOX 
5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 
SUBD 
4 
Address of Operand + 1 
1 
0 
1 
1 
Operand Data (LSB) 


5 
Op Code Address+ 3 
1 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Destination Address (MSB) 
STX 
2 
Op Code Address + 2 
1 
0 
1 
1 
Destination Address (LSB) 
5 
3 
Destination Address 
0 
1 
0 
1 
Register Data IMSB) 
4 
Destination Address + 1 
0 
1 
0 
1 
Register Data ILSB) 


5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+ 1 
, 
0 
1 
1 
Jump Address (MSB) 
2 
Op Code Address+ 2 
1 
0 
1 
1 
Jump Address ILSB) 


6 
3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
4 
Stack Pointer 
0 
1 
0 
1 
Return Address ILSB) 


5 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address (MSB) 
6 
Jump Address 
1 
0 
1 
0 
First Subroutine Op Code 
ASL 
ASR 
1 
Qp Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 


COM 
DEC 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


INC 
LSR 
6 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address ILSB) 
ROR 
5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 


6 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSB) 


2 
Op Code Address+ 2 
1 
0 
1 
1 
Address of Operand (LSB) 


5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
4 
Address of Operand 
0 
1 
0 
1 
00 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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ABA 
ABX 
1 
Op Code Address + , 
1 
0 
1 
0 
Next Op Code 
ASL 
ASLD 
ASR 
CBA 
CLC 
CLI 
CLR 
CLV 
COM 
DEC 
DES 
DEX 
INC 
INS 
INX 
LSR 
1 


LSRD 
ROL 
ROR 
NOP 
SBA 
SEC 
SEt 
SEV 
TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
DAA 
XGDX 
2 
1 
Op Code Address+ 
1 
, 
0 
1 
0 
Next Op Code 


2 
FFFF 
, 
1 
1 
1 
Restart Address 
(I.SB) 


PULA 
PULB 
1 
Op Code Address+ 
1 
, 
0 
1 
0 
Next Op Code 


3 
2 
FFFF 
1 
1 
1 
, 
Restart Address 
(LSBI 
3 
Stack Pointer + , 
1 
0 
, 
, 
Data from 
Stack 
PSHA 
PSHB 
1 
Op Code Address + , 
1 
0 
, 
1 
Next Op Code 


4 
2 
FFFF 
1 
, 
, 
, 
Restart Address 
ILSB) 
3 
Stack Pointer 
0 
, 
0 
1 
Accumulator 
Data 


4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
PULX 
, 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 
4 
3 
Stack Pointer + , 
1 
0 
1 
1 
Data from 
Stack (MSB) 


4 
Stack Pointer + 2 
1 
0 
1 
1 
Data from 
Stack (LSB) 
PSHX 
1 
Op Code Address + , 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
, 
Restart Address 
(LSB) 


5 
3 
Stack Pointer 
0 
1 
0 
, 
Index Register (LSB) 


4 
Stack Pointer- 
1 
0 
1 
0 
, 
Index Register (MSB) 


5 
Op Code Address+ 
1 
, 
0 
, 
0 
Next Op Code 
RTS 
1 
Op Code Address+ 
1 
, 
0 
, 
, 
Next Op Code 
2 
FFFF 
, 
, 
, 
, 
Restart Address 
(LSB) 


5 
3 
Stack Pointer + 1 
, 
0 
, 
1 
Return Address 
(MSBI 


4 
Stack Pointer + 2 
, 
0 
, 
1 
Return Address 
(LSB) 


5 
Return Address 
, 
0 
1 
0 
First Op Code of Return Routine 
MUL 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


2 
FFFF 
, 
, 
1 
, 
Restart Address 
(LSBI 


3 
FFFF 
, 
1 
1 
, 
Restart Address 
ILSB) 


7 
4 
FFFF 
, 
1 
1 
, 
Restart Address 
(LSB) 


5 
FFFF 
, 
1 
1 
, 
Restart Address 
(LSB) 
6 
FFFF 
, 
, 
, 
, 
Restart Address 
(LSB) 


7 
FFFF 
, 
, 
, 
1 
Restart Address 
(LSB) 
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WAI 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
, 
1 
Restart Address 
(LSB) 
3 
Stack Pointer 
0 
, 
0 
1 
Return Address 
(LSB) 
4 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address 
(MSB) 
9 
5 
Stack Pointer - 2 
0 
1 
0 
1 
Index Register (LSB) 
6 
Stack Pointer - 3 
0 
1 
0 
1 
Index Register (MSB) 
7 
Stack Pointer-4 
0 
1 
0 
1 
Accumulator 
A 


8 
Stack Pointer - 5 
0 
1 
0 
1 
Accumulator 
B 
9 
Stack Pointer - 6 
0 
1 
0 
1 
Conditional 
Code Register 
RT! 
1 
Op Code Address+' 
, 
0 
, 
1 
Next Op Code 


2 
FFFF 
, 
1 
, 
1 
Restart Address 
(LSB) 


3 
Stack Pointer + 1 
, 
0 
, 
1 
Conditional 
Code Register 
4 
Stack Pointer + 2 
, 
0 
, 
1 
Accumulator 
B 


'0 


5 
Stack Pointer+3 
, 
0 
, 
, 
Accumulator 
A 


6 
Stack Pointer +4 
, 
0 
, 
, 
Index Register (MSB) 
7 
Stack Pointer + 5 
, 
0 
, 
1 
Index Register (LSB) 


8 
Stack Pointer+6 
, 
0 
1 
1 
Return Address 
(MSB) 


9 
Stack Pointer + 7 
, 
0 
, 
1 
Return Address 
(LSB) 


10 
Return Address 
, 
0 
1 
0 
First Op Code of Return Routine 
SWI 
1 
Op Code Address + , 
, 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
, 
1 
, 
Restart Address 
(LSB) 
3 
Stack Pointer 
0 
, 
0 
1 
Return Address 
(LSB) 
4 
Stack Pointer-1 
0 
, 
0 
1 
Return Address 
(MSB) 
5 
Stack Pointer - 2 
0 
, 
0 
1 
Index Register (LSB) 


12 
6 
Stack Pointer - 3 
0 
, 
0 
1 
Index Register (MSB) 


7 
Stack Pointer-4 
0 
1 
0 
1 
Accumulator 
A 


8 
Stack Pointer - 5 
0 
, 
0 
1 
Accumulator 
B 
g 
Stack Pointer - 6 
0 
1 
0 
1 
Conditional 
Code Register 
10 
Vector 
Address 
FFFA 
1 
0 
, 
1 
Address of SWI Routine IMS8) 
11 
Vector 
Address 
FFF8 
1 
0 
, 
1 
Address of SWI Routine ILSB) 


12 
Address 
of SWI Routine 
1 
0 
, 
0 
First Op Code of SWI Routine 
SLP 
1 
Op Code Address + 1 
1 
0 
, 
, 
Next Op Code 
2 
FFFF 
1 
1 
1 
, 
Restart Address 
(LSB) 


4 
I 
I I I 


Sleep 


1 
3 
FFFF 
, 
1 
1 
1 
Restart Address 
(LSB) 
4 
Op Code Address+ 
1 
1 
0 
1 
0 
Next Op Code 


BCC 
BCS 
, 
Op Code Address + , 
t 
0 
, 
, 
Branch Offset 
BEQ 
BGE 
3 
2 
FFFF 
, 
1 
, 
1 
Restart Address 
ILSB) 
BGT 
BHI 
3 
j BranchAddress······Test=T· 
First Op Code of Branch Routine 
, 
0 
1 
0 
BLE 
BLS 
OpCodeAddress+ ,···Test=-O·· 
Next Op Code 
BLT 
BMT 
BNE 
BPL 
BRA 
BRN 
BVC 
BVS 
BSR 
1 
Op Code Address+ 
1 
, 
0 
1 
1 
Offset 
2 
FFFF 
1 
, 
, 
, 
Restart Address 
(lSB) 
5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(lSB) 
4 
Stack Pointer - 1 
0 
, 
0 
, 
Return Address 
(MSB) 
5 
Branch Address 
, 
0 
, 
0 
First Op Code of Subroutine 
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• 
PRECAUTION TO THE BOARD DESIGN OF OSCILLATION 
CIRCUIT 
As shown 
in Fig. 33, 
there 
is a case 
that 
the 
cross 
talk dis- 


turbs 
the normal 
oscillation 
if signal lines are put near the oscilla- 


tion 
circuit. 
When 
designing 
a 
board, 
pay 
attention 
to 
this. 


Crystal 
and CL must 
be put as near the HD6301 YO as possible. 


r-20mmmax--1 


• 
RECEIVE 
MARGIN 
OF 
THE 
SCI 


Receive 
margin 
of 
the 
SCI 
contained 
in 
the 
HD630lYO 


is shown 
in Table 
21. 


Note: 
SCI = Serial Communication 
Interface. 


Bit ,engthrt0-1 


Character 
length To 
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HD6303R,HD63A03R, 
HD63B03R 
CMOS MPU (Micro Processing Unit) 


The 
HD6303R 
is an 8-bit CMOS micro 
processing unit 


which has the completely 
compatible 
instruction 
set with the 
HD6301VI. 
128 bytes RAM, Serial Communication 
Interface 


(SCI), parallel I/O ports and multi function timer are incorpora- 
ted in the HD6303R. It is bus compatible with HMCS6800 and 
can be expanded up to 65k bytes. Like the HMCS6800 family, 
I/O level is TTL compatible 
with +5.0V single power supply. 


As the HD6303R is CMOS MPU, power dissipation is extremely 
low. And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible. 


• FEATURES 
• 
Object Code Upward Compatible with the HD6BOO,HD6B01, 
HD6B02 


• 
Multiplexed Bus (Do/Ao-D7/A7A.-A" 
l, Non Multiplexed 


Bus (Do-D7, 
Ao-A,s) 
• 
Abundant 
On-Chip 
Functions 
Compatible 
with 
the 


HD6301Vl; 
12B Bytes RAM, 13 Parallel I/O Lines, 16-bit 


Timer, Serial Communication 
Interlace (SCI) 
• 
Low Power Consumption Mode; Sleep Mode, Stand-By Mode 


• 
Minimum Instruction Execution Time 


1/015(l=lMHzl, 0.67/015(1=1.5MHzl, 0.5/015(1=2.0MHz) 
• 
Bit Manipulation, Bit Test Instruction 


• 
Error Detecting Function; Address Trap, Op Code Trap 


• 
Up to 65k Bytes Address Space 
• 
Wide Operation Range 


Vcc=3 to 6V (I = 0.1 - 0.5 MHz) 
1= 0.1 to 2.0 MHz (Vcc = 5V ± 10%) 


Type No. 
Bus Timing 


HD6303R 
1.0MHz 


HD63A03R 
1.5 MHz 


HD63B03R 
2.0 MHz 


HD6303RP, HD63A03RP, 
HD63B03RP 


(DP-40) 


HD6303RF, HD63A03RF, 
HD63B03RF 


(FP-54) 


HD6303RCG, 
HD63A03RCG, 


HD63B03RCG • 


,...,,' 
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• 
PIN 
ARRANGEMENT 


• 
HD6303RP, 
HD63A03RP, 
HD63B03RP 


• 
HD6303RF, 
HD63A03RF, 
HD63B03RF 
• 
HD6303RCG, 
HD63A03RCG, 


HD63B03RCG 


~ I~ ~ ~ 
w"'la::oo 
~~:;::;;~ 


~ ~ ~ ~ ~ ~ 
000 
000 
< 
< ~ ~ 


~~l~;JL8J ~~J~;:;J~~ ~~ t~J ~~J L~J 


D,/A, f~ 


Do/Ao J!J 


Rtw 3}JJ 


AS 3jJ 


E {oj 


Vss 1J 


XTAL ~J 


EXTAl 
~J 


NMI ~J 


IRO, ~J 
foOlr~l r~~io.1~~l i=1 r~i i~~i:!~~~1 
~ ~ f 
rf 
f 
f 
f· l. 
~ i. 
:t ..( ~ 


AS 


RNi 


o.olAo 
(NC) 


O,IA, 
(NC) 
0JIA, 


0)/"') 
O.,A. 


O,'A, 


D.JA, 
o,/A, 


A. 


A. 


1 
A" 


A" 


A" 


4 Au 


Au 


A•• 


·CC 


..J 


..Jo{ 
~~~~ 
1~1ci1~ 
»XwwZ~ICI: 


Address! 
Data 
Buffers 


P,o/Ao 
Pll/A1 
P,2/A2 
PU/AJ 
Plc/A. 
PlS/As 
Ple/Ae 
Pu/A7 


Address 
Buffers 
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[~5 Au 


~~ 
A,J 
(2) A,. 
.- 
~2_2A,s 
.- 
L2_1 
Vcc 
[~OA7/P17 


[1,? As/P,I 


~~8 As/P,s 
OJ A';P,. 
[(6 
AJ/P13 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3 - +7.0 
V 


Input Voltage 
Vin 
-0.3 - 
Vcc+0.3 
V 


Operating Temperature 
Topr 
0- 
+70 
°c 


Storage Temperature 
T stg 
-55 
-+150 
°c 


(NOTE) 
This product has protection 
circuits in input terminal from high static electricity 
voltage and high electric field. 


But be careful not to apply overvoltage more than maximum 
ratings to these high input impedance protection 


circuits. To assure the normal oPeration, 
we recommend 
Vin. Vout: 
VSS 
~ 
(V in or Vout) 
~ 
vcc 
. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc 
= 5.0V±10%, 
Vss = OV, Ta = 0-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES, STBY 
Vcc-0.5 
- 
Vcc 
Input "High" 
Voltage 
EXTAL 
V'H 
VccxO.7 
- 
+0.3 
V 


Other Inputs 
2.0 
- 


Input "Low" 
Voltage 
All Inputs 
V'L 
-0.3 
- 
0.8 
V 


Input Leakage Current 
NMI, IRQ" 
RES, STBY 
Ii'n I 
V'n =0.5-Vcc-o·5V 
- 
- 
1.0 
/lA 


Three State (off-state) 
P,o-P17, 
P20-P24, 
IITS,I 
Vin =0.5-Vcc-0.5V 
- 
- 
1.0 
/lA 
Leakage Current 
Do-D7, 
A.-A,s 


10H = -200/lA 
2.4 
- 
- 
V 
Output 
"High" 
Voltage 
All Outputs 
VOH 
10H - -10/lA 
Vcc-0.7 
V 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
10L = 1.6mA 
- 
- 
0.55 
V 


Input Capacitance 
All Inputs 
Cin 
V'n=OV, f=1.0MHz, 
- 
- 
12.5 
pF 
Ta = 25°C 


Standby Current 
Non Operation 
Irc 
- 
2.0 
15.0 
/lA 


Operating(f=1 
MHz"") 
- 
6.0 
10.0 
Current Dissipation· 
lee 
Sleeping (f=1MHz"") 
1.0 
2.0 
mA 
- 


RAM Stand·By Voltage 
VRAM 
2.0 
- 
- 
V 


• V1H min::: Vcc-1.0V. 
V1L max:c 
O.BV 


•• 
Current 
Dissipation of the operating or sleeping condition 
is proportional 
to the operating frequency. 
So the typo 
or max. 


values about Current 
Dissipations 
at f = x MHz operation 
are decided according to the following 
formula; 


typo value 
(f '"xMHzl 
= typo value 
(f = 1MHz) 
x x 


max. value 
(f = xMHzl 
= max. value (f = 1MHz) 
x x 


(both the sleeping and operating) 
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Test 
HD6303R 
HD63A03R 
HD63B03R 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 - 
10 
0.666 - 
10 
0.5 
- 
10 
J1S 


Address Strobe Pulse Width " 
PWASH 
220 
150 
110 
"High" 
- 
- 
- 
- 
- 
- 
ns 


Address Strobe 
Rise Time 
tASr 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Address Strobe Fall Time 
tASt 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Address Strobe Delay Time" 
tASO 
60 
- 
- 
40 - 
- 
20 
- 
- 
ns 


Enable Rise Time 
tE, 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Enable Fall Time 
tEt 
- 
- 
20 
- 
- 
20 - 
- 
20 
ns 


Enable Pulse Width 
"High" 
Level" 
PWEH 
450 
- 
- 
300 - 
- 
220 - 
- 
ns 


Enable Pulse Width 
"Low" 
Level" 
PWEL 
450 
- 
- 
300 - 
- 
220 
- 
- 
ns 


Address Strobe to Enable Delay" 
tASED 
60 - 
- 
40 - 
- 
20 
- 
- 
ns 
Time 


Address Delay Time 
~ 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


tAD2 
Fig. 1 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Address Delay Time for Latch" 
tADL 
Fig. 2 
- 
- 
250 
- 
- 
190 - 
- 
160 
ns 


Write 
tDsw 
230 - 
- 
150 - 
- 
100 - 
- 
ns 
Data Set-up Time 
Read 
tDSR 
80 - 
- 
60 - 
- 
50 - 
- 
ns 


Read 
tHR 
0 - 
- 
0 - 
- 
0 - 
- 
ns 
Data Hold Time 
Write 
tHW 
20 - 
- 
20 - 
- 
20 
- 
- 
ns 


Address Set-up Time for Latch" 
tASL 
60 - 
- 
40 - 
- 
20 - 
- 
ns 


Address Hold Time for Latch 
tAHL 
30 - 
- 
20 
- 
- 
20 - 
- 
ns 


Addr~ss Hold Time 
tAH 
20 - 
- 
20 
- 
- 
20 - 
- 
ns 


Ao - 
A7 Set-up Time Before E" 
tASM 
200 - 
- 
110 - 
- 
60 - 
- 
ns 


I Non-Multiplexed 
(tACCN) 
- 
- 
650 
- 
- 
395 - 
- 
270 
ns 
Peripheral 
Read 
Bus 
" 
Access Time 
I 
" (tACCM 
650 
395 - 
- 
270 
ns 
Multiplexed 
Bus 
- 
- 
- 
- 


Oscillator 
stabilization 
Time 
tRC 
Fig.8 
20 - 
- 
20 
- 
- 
20 - 
- 
ms 


Processor Control 
Set-up Time 
tpcs 
Fig.9 
200 
- 
- 
200 - 
- 
200 - 
- 
ns 


-These timings change in approximate proportion 
to tcyc. The figures in this characteristics represent those when tcyc is minimum 


(= in the 
highestspeed operation). 


Test 
HD6303R 
HD63A03R 
HD63B03R 


j Unit 
Item 
Symbol 
Con- 
dition 
min Ityp 
max 
min 
, typ 
max 
min 
typ 
max 


Peripheral 
Data 
Port I, 2 
tpDSU 
Fig.3 
200 
- 
- 
200 - 
- 
200 
- 
- 
ns 
Set·up Time 


Peripheral 
Data 
Port 1,2 
tpOH 
Fig.3 
200 
- 
- 
200 - 
- 
200 - 
- 
Hold Time 
ns 


Delay Time, 
Enable Nega-, Port 1 


tive Transition 
to Peri· 
2" 
' 
tpwD 
Fig.4 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
pheral Data Val id 
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Test 
HD6303R 
HD63A03R 
HD63B03R 


Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 
Input 
Pulse Width 
tpWT 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Delay Time, Enable Positive 
tTOO 
Fig. 5 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer 
Out 


SCI Input 
Clock Cycle 
tSCYC 
2.0 
- 
- 
2.0 - 
- 
2.0 - 
- 
tCyc 


SCI Input 
Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tScvc 


Test 
HD6303R 
HD63A03R 
HD63B03R 


Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


RES "Low" 
Pulse Width 
PWRSTL 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tcyc 


Mode Programming 
Set-up Time 
tMPS 
Fig.6 
2 
- 
- 
2 
- 
- 
2 
- 
- 
toyc 


Mode Programming 
Hold Time 
tMPH 
150 - 
- 
150 
- 
- 
150 - 
- 
ns 
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'1.-'I' 
',. -'u 
Inputs 


r MPUWflte 


~ 
I-,pwo---t 


Note) 
Port 2: Except 
Pl. 


Figure 4 
Port Data Delay Times 
(MPU Write) 
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RL' 
2.2kn 


(4.0kn 
for E) 


152074 ® 


or Equiv. 


C~90pF 
for AS, R/W, D./A. 
- D./A" 
and AS 


=30pF 
for 
P:20 
-- 
P]4 
and Ao /PIO 
-- A7/P17 
~40pF 
for 
E 
R=12kQ 


Internel 
Address Bus 


NMI.IR01 


Internal 
oa18 Bus 


Inlernal 
Read 


Op Code 
per.nd Irrelevanl peo ~ 
PCB - 
IXO ~ 
IXB ~ 
ACeA 
ACCe 
eeR 
ector 
ector 
lrst Inst 0 


___ 
~,-._t_. 
__ 
P_C7__ 
PC_'_S__ 
'X_'__ 
'X_t_S 
~lSB 
Interrupt Routine 


::""MI_ 
)\\\\\\\\\\\\\\\\\\\\\\ 


~.•,nal.~\\\~\\\\\~\\\\\\\\\\\ 


RtW .~\\\\\\\\\\\\\\\\\\\\\\\1 
~:a.%\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\,----------I:-.~.,..1 
_ 


mental crystal, AT cut. For instance, in order to obtain the 
system clock IMHz, a 4MHz resonant fundamental 
crystal is 


used because the devide-by-4 circuitry is included. An example 
of the crystal interface 
is shown in Fig. 10. EXTAL accepts 


an external 
clock input 
of duty 45% to 55% to drive. For 


external 
clock, 
XTAL pin should be open. The crystal and 


capacitors should be mounted as close as possible to the pins . 


• 
VCC' Vss 
These 
two 
pins 
are 
used 
for 
power 
supply 
and 
GND. 


Recommended 
power supply voltage is 5V ± 10%. 3 to 6V can 


be used for low speed operation (100 - 500 kHz). 


• 
XTAL, 
EXTAL 
These two pins are connected with parallel resonant fun1a- 
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AT Cut Parallel Resonance Crystal 


Co = 7 pF ma. 


Rs = 60 n max 


• 
Standby (STBY) 
This pin is used to place the MPU in the standby mode. 
If this goes to "Low" level, the oscillation stops, the internal 
clock is tied to Vss or Vcc and the MPU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents 
of 


RAM is guaranteed. 
For details of the standby mode, see the 


Standby section. 


• 
Reset (RES) 
This input is used to reset the MPU. lmS must be held 


"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports 
are uncertain, 
because MPU can not be reset 


without 
clock. To reset the MPU during system operation, 
it 


must be held "Low" 
for at least 3 system clock cycles. From 


the 
third 
cycle, all address buses become "high-impedance" 


and it continues while lmS is "Low". 
If RES goes to "High", 


CPU does the following. 
(I) 
I/O Port 2 bits 2,1,0 are latched into bits PC2, PCI, PCOof 
program control register. 


(2) The contents of the two Start Addresses, $FFFE, $FFFF 


are brought to the program counter, from which program 
starts (see Table I). 
(3) The interrupt 
mask bit is set. In order to have the CPU 


recognize the maskable interrupts IRQ, and IRQ" 
clear it 


before those are used. 


• 
Enable (E) 
This output 
pin supplies system clock. Output 
is a single· 


phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF capacitance. 


• 
Non Maskable Interrupt (NMI) 
When the falling edge of the input signal of this pin is reo 


cognized, NMI sequence starts. The current instruction is con- 
tinued 
to complete, 
even if lII1JI signal is detected. 
Interrupt 


mask bit in Condition 
Code Register has no effect on NMI 


detection. 
In response to NMI interrupt, 
the information 
of 


Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address SFFFC and SFFFD are generated 
to load the contents 
to the program counter. 
Then the CPU 


branch to a non maskable interrupt service routine. 


• 
Interrupt Request URQ,} 
This level sensitive 
input 
requests 
a maskable 
interrupt 


sequence. When IRQ, 
goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt 
sequence; 
otherwise, 
interrupt 
request 
is neglected. 


Once the sequence has started, the information of Program 


Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the CPU sets the interrupt 
mask 


bit so that no further maskable interrupts may be responded. 


Vector 
IrHerrupt 


MSB 
lSB 


FFFE 
FFFF 
An 


FFEE 
FFEF 
TRAP 


FFFC 
FFFD 
Niii 


FFFA 
FFFB 
So'~e 
In."upt 
lSWI) 


FFF8 
FFF9 
iRC. 
tOf 1$3) 


FFFI 
FFFl 
ICF (Timet' '"PUt e.tufel 


FFF4 
FFF5 
OCF (fimef 
Output~ 


FFF2 
FFF3 
TOF ITi". 
Owfftowl 


FFFO 
FFFt 
$CI 
(RDRF 
+ CRFE + TORE) 


At the end of the cycle, the CPU generates 16 bit vectoring 


addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents 
to the Program Counter, then branch to an 


interrupt service routine. 
The Internal Interrupt 
will generate signal (IRQ,) 
which is 


quite the same as.IRQ, except that it will use the vector address 
$FFFO to $FFF7. 
When IRQ, 
and IRQ, 
are generated at the same time, the 


former precedes the latter. Interrupt 
Mask Bit in the condition 


code register, if being set, will keep the both interrupts off. 


On occurrence 
of Address error or Op-code error, TRAP 


interrupt 
is invoked. This interrupt 
has priority 
next to RES. 


Regardless of the interrupt 
Mask Bit condition, 
the CPU will 
start an interrupt 
sequence. The vector for this interrupt will be 


$FFEE, $FFEF. 


• 
ReadlWrite (R!W) 
This TTL compatible output signals peripheral and memory 


devices whether CPU is in Read ("High"), or in Write ("Low"). 
The normal stand-by 
state is Read ("High"). 
Its output 
will 
drive one TTL load and 90pF capacitance. 


• 
Addr_ 
Strobe (AS) 
In the multiplexed mode, address strobe signal appears at this 


pin. It is used to latch the lower 8 bits addresses multiplexed 
with data at O<J/Ao - 07/ A7. The 8-bit latch is controlled by 
address strobe as shown in Figure 15. Thereby, Do/Ao - D7/A7 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure I. 


Address Strobe (AS) is sent out even if the internal address 


is accessed. 


• 
PORTS 
There are two I/O ports on HD6303R MPU (one 8-bit ports 


and one 5-bit port). Each port has an independent 
write-only 


data 
direction 
register 
to 
program 
individual 
I/O pins for 


input or output.· 
When the bit of associated Data Direction Register is "1", 


I/O pin is programmed for output, if "0", then programmed for 
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an input. 
There 
are two ports: 
Port 
I, Port 2. Addresses of each 
port 
and 
associated 
Data 
Direction 
Register 
are shown in 
Table 2. 
• 
Only one exception is bit I of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 


Data Direction 
Register Address 


I/O Port 1 


I/O Port 2 


$0002 


$0003 


$0000 


$0001 


• 
110 Port 1 
This is an 8-bit port, each bit being defined individually as 


input or outputs 
by associated Data Direction Register. The 
8·bit output 
buffers have three-state capability, maintaining in 


high impedance state when they are used for input. In order to 
be read accurately, the voltage on the inpu t lines must be more 
than 2.0V for logic "I" 
and less than 0.8V for logic "0". 
These are ITL compatible. 
After the MPU has been reset, all 


I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port I will be output 
line for lower order· 


address lines (Ao - 
A7), which can drive one ITL 
load and 


30 pF capacitance. 


• 
I/O Port 2 
This port has five lines, whose I/O direction depends on its 


data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "I" 
and less than 0.8V for logic 


"0". After the MPU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (P20 - P22 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins dUring reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which is explained in 
the MODE SELECTION section. 
In all modes, Port 2 can be configured as I/O lines. This port 


also provides access to the Serial I/O and the Timer. However, 
note that bit I (PH) is the only pin restricted to data input or 
Timer out put. 


• BUS 
• 
Do/Ao - D7/A7 
This TTL compatible 
three-state 
buffer can drive one TTL 
load and 90 pF capacitance. 
Non Multiplexed Mode 


In this mode, these pins become only data bus (Do - 07). 


Multiplexed Mode 
These pins becomes both the data bus (Do - 07) and lower 
bits of the address bus (Ao - 
A7). An address strobe output is 


"High" when the address is on the pins. 


• 
A. 
- 
AI< 
Each line is TTL compatible and can drive one TTL load and 


90 pF capacitance. 
After reset, these pins become output 
for 


upper order address lines (A. - AI<)' 


• 
MODE 
SELECTION 
The operation mode after the reset must be determined by the 


user wiring the P20, P21, and P22 externally. These three pins are 
lower order bits; I/O 0, I/O I, I/O 2 of Port 2. They are latched 
into the control bits PCO, PCI, PC2 of I/O Port 2 register when 
RES goes "High". I/O Port 2 Register is shown below. 


An example of external hardware used for Mode Selection 


is shown in Figure II. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the 
data 
may conflict 
between 
peripheral 
device and Mode 


generation circuit. 


No mode can be changed through software because the bits 


5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6303R is shown in Table 3. 


The HD6303R operates in two basic modes: (I) Multiplexed 


Mode, (2) Non Multiplexed Mode. 


• 
Multiplexed Mode 
The data bus and the lower order address bus are multiplexed 


in the Do/Ao - 
D7/A7 and can be separated by the Address 


Strobe. 


Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 


or any combination 
thereof. Port I is configured for 8 parallel 


I/O. 


• 
Non Multiplexed Mode 
In this mode, the HD6303R can directly address HMCS6800 


peripherals with no address latch. Do/Ao - 
D7/A7 become a 


data bus and Port I becomes Ao - A7 address bus. 


In this mode, the HD6303R is expandable up to 65k bytes 


with no address latch. 


• 
Lo_ 
Ordor Addross Bus Latch 
Because the data bus is multiplexed 
with the lower order 


address bus in Do/Ao-D7/A7 
in the multiplexed mode,address 


bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection 
of the HD6303R 


is shown in Figure 15. 
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P10 
(PCO) 


P11 
(PC1) 


PJJ 
(PC2) 


Note 
11 Figure of Multiplexed 
Mode 


21 RC==Reset Constant 
3) R, -'Okfl 


Mode 
Control 
SWItch 


Inh 
A 
B 
C 


X. 
X 
X, 
Y. 
Y, 
Y 


Z. 
Z 
Z, 


Control 
Input 


On SWitch 


Select 


InhibIt 


C 
B 
A 
H0140538 


0 
0 
0 
0 
20 
Vo X~ 


0 
0 
0 
1 
Zo Vo X, 


0 
0 
1 
0 
Z. 
VI 
Xo 


0 
0 
1 
1 
Z. 
VI XI 


0 
1 
0 
0 
ZI 
V. 
Xo 


0 
1 
0 
1 
l, 
Yo X, 


0 
1 
1 
0 
2, 
V, 
Xo 


0 
1 
1 
1 
l, 
V, 
X, 


1 
X 
X 
X 


Port 
2 
51/0 Lines 
Sel 


Timer 


A. - Au 
8 Address 
Lines 


Port 2 


5 Parallel 
110 


SCI 
T,mer 


RIW 
Do/Ao 
,.., D,/A, 


8 Lines 


Multiplexed 
a.te/Address 


Address Strobe 


POrt 
1 
8 Address lines 
Ao 
-A, 
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=tal 


0, 
a, 


14LS373 


~ 


0./'. - 0,/', 
[ 
Address/D.,. 
] '.,., '.-' 


] 
~"o.-o 


OutPUt 
Enable 
Output 


Control 
G 
0 
a 
(OCl 
l 
H 
H 
H 
l 
H 
l 
l 
l 
l 
X 
a. 
H 
x 
X 
z 


Operating Mode 
P20 
P21 
P22 


Multiplexed 
Mode 
L 
H 
L 


L 
L 
H 


Non Multiplexed 
Mode 
H 
L 
L 


L: logic "0" 
H: logic "1" 


• 
MEMORY 
MAP 
The MPU can provide up to 65k byte address space. Figure 


16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU's internal register only, 
as shown in Table 4. 


$FFFF 


[NOTE] 


Excludes the following 
addresses which may be 


used externally; 
$00, $02. 


Register 


Port 1 Data Direction 
Register·· 
Port 2 Data Direction 
Register·· 
Port 1 Data Register 
Port 2 Data Register 


Timer Control 
and Status Register 
Counter 
(High Byte) 
Counter 
(Low Byte) 
Output 
Compare 
Register (High Byte) 


Output 
Compare 
Register (Low 
Byte) 
Input Capture Register (High Byte) 


Input Capture Register (Low 
Byte) 


Rate and Mode Control 
Register 


Transmit/Receive 
Control 
and Status Register 


Receive Data Register 
Transmit 
Data Register 


RAM 
Control 
Register 
Reserved 


DO' 
01 
02' 
03 


08 
09 
OA 
DB 


DC 
00 
DE 


10 
11 
12 
13 


14 
15-1F 
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• 
PROGRAMMABLE 
TIMER 


The 
HD6303R 
contains 
16-bit 
programmable 
timer 
which 


may 
measure 
input 
waveform.!n 
addition 
to that 
it can generate 


an output 
waveform 
by itself. 
For both 
input 
and output 
wave- 


form, 
the 
pulse 
width 
may 
vary 
from 
a few 
microseconds 
to 


several 
seconds. 


The timer 
hardware 
consists 
of 
• an 8-bit control 
and status 
register 
• a 16-bit 
free running 
counter 


• a 16-bit 
output 
compare 
register 


• a 16·bit 
input 
capture 
register 


A block 
diagram 
of the timer 
is shown 
in Figure 
17. 


.----- 
.• 
OuIP'" 
'''PUI 


L_I 
E. 
8111 
8,tO 
1"0<12 
~'12 


• 
Free Running 
Counter 
($0009: 
$OOOA) 


The 
key 
element 
in the 
programmable 
timer 
is a 16-bit 
free 


running 
counter, 
that 
is 
driven 
by 
an 
E (Enable) 
clock 
to 
increment 
its values. 
The counter 
value 
will be read 
out 
by the 
CPU 
software 
at 
any 
time 
with 
no 
effects 
on 
the 
counter. 


Reset 
will clear 
the counter. 


When 
the 
MSB 
of 
this 
counter 
is read, 
the 
LSB 
is stored 


in temporary 
latch. 
The 
data 
is fetched 
from 
this latch 
by the 


subsequent 
read 
of LSB. Thus 
consistent 
double 
byte 
data 
can 


be read 
from 
the counter. 


When 
the 
CPU 
writes 
arbitrary 
data 
to the 
MSB ($09), 
the 


value 
of 
$FFF8 
is being 
pre·set 
to 
the 
counter 
($09, 
$OA) 


regardless 
of 
the 
write 
data 
value. 
Then 
the 
CPU 
writes 
arbi· 


trary 
data 
to the 
LSB ($OA), 
the 
data 
is set to the "Low" 
byte 


of the 
counter, 
at the 
same 
time, 
the 
data 
preceedingly 
written 


in the MSB ($09) 
is set to "High" 
byte 
of the counter. 


When 
the 
data 
is written 
to 
this 
counter, 
a double 
byte 


store 
instruction 
(ex. 
STD) 
must 
be used. 
If only 
the 
MSB of 


counter 
is written, 
the counter 
is set to $FFF8. 
The 
counter 
value 
written 
to 
the 
counter 
using 
the double 


byte 
store 
instruction 
is shown 
in Figure 
18. 


To 
write 
to 
the 
counter 
can 
disturb 
serial 
operations, 
so it 


should 
be 
inhibited 
during 
using 
the 
SCI. 
If 
external 
clock 


mode 
is used 
for SCI, this will not 
disturb 
serial operations. 


• 
Output 
Compare 
Register 
($OOOB:$OOOC) 
This 
is a l6·bit 
read/write 
register 
which 
is used 
to control 
an 
output 
waveform. 
The 
contents 
of this 
register 
are constantly 


being compared 
with 
current 
value of the free running 
counter. 


When 
the 
contents 
match 
with 
the value 
of the free running 
counter, 
a 
flag 
(OCF) 
in 
the 
timer 
control/status 
register 
(TCSR) 
is set 
and 
the 
current 
value 
of 
an 
output 
level 
Bit 
(OLVL) 
in the TCSR 
is transferred 
to Port 
2 bit 
I. When bit 
I 
of the Port 
2 data 
direction 
register 
is "I" 
(output), 
the OLVL 
value 
will appear 
on the 
bit 
I of Port 
2. Then, 
the value of Out- 


put 
Compare 
Register 
and 
Output 
level 
bit 
may 
be changed 


for the next 
compare. 
The 
output 
compare 
register 
is set 
to 
$FFFF 
during 
reset. 


The 
compare 
function 
is inhibited 
at the cycle 
of writing 
to 


the 
high 
byte 
of the 
output 
compare 
register 
and 
at the 
cycle 


just 
after 
that 
to 
ensure 
valid 
compare. 
It is also 
inhibited 
in 
same manner 
at writing 
to the free running 
counter. 


In 
order 
to 
write 
a data 
to 
Output 
Compare 
Register, 
a 


double 
byte 
store 
instruction 
(ex.STD) 
must 
be used. 


• 
Input 
Capture 
Register 
($0000: 
$OOOE) 
The 
input 
capture 
register 
is a 16-bit 
read-only 
register 
used 
to hold 
the current 
value of free running 
counter 
captured 
when 
the proper 
transition 
of an external 
input 
sigral 
occurs. 


The 
input 
transition 
change 
reqUired 
to trigger 
the 
counter 
transfer 
is controlled 
by the input 
edge bit (IEDG). 
To 
allow 
the 
external 
input 
signal 
to go in the 
edge detect 
unit, 
the 
bit of the Data 
Direction 
Register 
corresponding 
to bit 
o of Port 
2 must 
have been cleared 
(to zero). 
To 
insure 
input 
capture 
in all cases, 
the 
width 
of an input 
pulse requires 
at least 2 Enable 
cycles. 


• 
Timer 
Control/Status 
Register 
(TCSR) 
($0008) 
This 
is an 8·bit 
register. 
All 8-bits 
are readable 
and the lower 
5 bits 
may be written. 
The upper 
3 bits are read-only, 
indicating 
the timer 
status 
information 
as is shown 
below. 


(I) 
A proper 
transition 
has 
been 
detected 
on 
the 
input 
pin 
(ICF). 


(2) 
A match 
has 
been 
found 
between 
the 
value 
in the 
free 


running 
counter 
and the output 
compare 
register 
(OCF). 


(3) 
When counting 
up to $0000 
(TOF). 


Each 
flag 
has 
an 
individual 
enable 
bit 
in 
TCSR 
which 
determines 
whether 
or not 
an interrupt 
request 
may 
occur 
(IRQ.). 
If the 
I-bit 
in Condition 
Code 
Register 
has 
been 
cleared, 
a prior 
vectored 
address 
occurs 
corresponding 
to 
each flag. 
A description 
of each 
bit is as follows. 


Bit 
0 
OLVL 
(Output 
Levell; 
When 
a match 
is found 
in the 
value 
between 
the 
counter 
and 
the 
output 
com· 
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pare 
register, 
this 
bit 
is transferred 
to the 
Port 
2 


bit 
I. If the 
DDR 
corresponding 
to Port 
2 bit 
I is 


set "I", 
the value will appear 
on the output 
pin of 


Port 
2 bit 
I. 


Bit 
1 
IEDG 
(Input 
Edge): 
This 
bit 
control 
which 
transition 


of 
an input 
of 
Port 
2 bit 
0 will 
trigger 
the 
data 


transfer 
from 
the 
counter 
to 
the 
input 
capture 


register. 
The 
DDR 
corresponding 
to Port 
2 bit 0 


must 
be clear in advance 
of using this function. 


When 
IEDG 
= 0, trigger 
takes 
place 
on a negative 


edge 
("High':'to-"Low" 
transition). 
When IEDG = 


I, trigger 
takes 
place 
on a positive 
edge ("Low"·to. 


"High" 
transition). 
Bit 
2 
ETOI 
(Enable 
Timer 
Overflow 
Interrupt); 
When 
set, 


this 
bit 
enables 
TOF 
interrupt 
to 
generate 
the 


interrupt 
request 
(IRQ2). 
When 
cleared, 
the inter- 


rupt 
is inhibited. 


Bit 
3 
EOCI 
(Enable 
Output 
Compare 
Interrupt); 
When 
set, 
this 
bit 
enables 
OCF 
interrupt 
to 
generate 
the 


interrupt 
request 
(IRQ2). 
When 
cleared, 
the inter- 


rupt 
is inhibited. 


Bit 
4 
EICI 
(Enable 
Input 
Capture 
Interrupt); 
When 
set, 
this 


bit enables 
ICF interrupt 
to generate 
the interrupt 


request 
(IRQ2). 
When 
cleared, 
the 
interrupt 
is 


inhibited. 
Bit 5 
TOF 
(Timer 
Over 
Flow 
Flag); 
This 
read·only 
bit is set 


at 
the 
transition 
of 
$FFFF 
to 
$0000 
of 
the 


counter. 
It is cleared 
by CPU read 
of TCSR 
(with 


TOF 
set) 
followed 
by a CPU read 
of the counter 


($0009). 


Bit 6 
OCF 
(Output 
Compare 
Flag); 
This 
read·only 
bit 
is set 


when 
a match 
is found 
in the value 
between 
the 


output 
compare 
register 
and 
the 
counter. 
It 
is 


cleared 
by 
a read 
of 
TCSR 
(with 
OCF 
set) 
fol- 


lowed 
by 
a CPU write 
to the 
output 
compare 
re- 


gister 
($OOOB or $OOOC). 
Bit 
7 
ICF 
(Input 
Capture 
Flag); 
The 
read-only 
bit is set by a 


proper 
transition 
on 
the 
input, 
and 
is cleared 
by 


a read 
of 
TCSR 
(with 
ICF 
set) 
followed 
by a 


CPU read of Input 
Capture 
Register 
($OOOD). 


Reset 
will 
clear 
each 
bit 
of 
Timer 
Control 
and 
Status 
Register. 


• 
SERIAL 
COMMUNICATION 
INTERFACE 


The 
HD6J03R 
contains 
a full-duplex 
asynchronous 
Serial 


Communication 
Interface 
(SCI). 
SCI 
may 
select 
the 
several 


kinds 
of the 
data 
rate. 
It consists 
of a transmitter 
and a receiver 


which 
operate 
independently 
but 
with 
the 
same 
data 
format 


and 
the 
same 
data 
rate. 
Both 
of transmitter 
and 
receiver 
com- 


municate 
with 
the 
CPU 
via the 
data 
bus and 
with 
the outside 


world 
through 
Port 
2 bit 2, 3 and 4. Description 
of hardware, 


software 
and register 
is as follows. 


• 
Wake· Up Feature 
In typical 
multiprocessor 
applications 
the software 
protocol 


will usually 
have the designated 
address 
at the initial 
byte 
of the 
message. 
The 
purpose 
of 
Wake-Up 
feature 
is to have 
the non- 


selected 
MPU 
neglect 
the 
remainder 
of 
the 
message. 
Thus 


the 
non·selected 
MPU 
can 
inhibit 
the 
all 
further 
interrupt 


process 
until 
the next 
message 
begins. 


Wake-Up 
feature 
is re-enabled 
by 
a ten 
consecutive 
"I "s 


which 
indicates 
an idle 
transmit 
line. 
Therefore 
software 
pro· 


tocol 
must 
put 
an 
idle 
period 
between 
the messages 
and 
must 


prevent 
it within 
the message. 


With 
this 
hardware 
feature, 
the 
non-selected 
MPU 
is re- 


enabled 
(or "waked-up") 
by the next 
message. 


• 
Programmable 
Options 
The HD6303R 
has the following 
programmable 
features. 


• data 
format; 
standard 
mark/space 
(NRZ) 
• clock 
source; 
external 
or internal 


• baud 
rate; 
one 
of 4 rates 
per 
given 
E clock 
frequency 
or 


1/8 of external 
clock 
• wake·up 
feature; 
enabled 
or disabled 


• interrupt 
requests; 
enabled 
or. 
masked 
individually 
for 


transmi tter and receiver 


.clock 
output; 
internal 
clock 
enabled 
or disabled 
to 
Port 


2 bit 2 
• Port 
2 
(bits 
3, 
4); 
dedicated 
or 
not 
dedicated 
to 
serial 


I/O individually 


• 
Serial 
Communication 
Hardware 
The 
serial 
communications 
hardware 
is 
controlled 
by 
4 


registers 
as shown 
in Figure 
19. The registers 
include: 
• an 8-bit 
control/status 
register 


• a 4-bit 
rate/mode 
control 
register 
(write-only) 


• an 8-bit 
read·only 
receive 
data 
register 
• an 8-bit write-only 
transmit 
data 
register 


Besides 
these 
4 
registers, 
Serial 
I/O 
utilizes 
Port 
2 
bit 
3 


(input) 
and 
bit 
4 (output). 
Port 
2 bit 
2 can 
be used 
when 
an 


option 
is selected 
for 
the 
internal·clock-out 
or 
the 
external- 
clock-in. 


• 
Transmit/Receive 
Control 
Status 
Register 
(TRCSR) 


TRCS 
Register 
consists 
of 8 bits which 
all may be read while 


only 
bits 0 to 4 may be written. 
The register 
is initialized 
to $20 


on RES. 
The bits of the TRCS 
Register 
are explained 
below. 


Bit 0 WU (Wake 
Up); 
Set by software 
and cleared 
by hardware 


on 
receipt 
of ten 
consecutive 
"I "s. While 
this 
bit 


is "1", 
RDRF 
and 
ORFE 
flags 
are 
not 
set 
even 


if data 
are 
received 
or errors 
are detected. 
There- 


fore 
received 
data 
are ignored. 
It should 
be noted 


that 
RE flag must 
have already 
been 
set in advance 


of WU flag's set. 


Bit 1 
TE (Transmit 
Enable); 
This bit enables 
transmitter. 
When 


this 
bit 
is set, 
bit 4 of Port 
2 DDR 
is also 
forced 


to 
be 
set. 
It 
remains 
set 
even 
if TE 
is cleared. 


Preamble 
of 
ten 
consecutive" 
I "s 
is transmitted 


just 
after 
this 
bit 
is 
set, 
and 
then 
transmitter 


becomes 
ready 
to send 
data. 
If this 
bit is cleared, 


the 
transmitter 
is 
disabled 
and 
serial 
I/O 
affects 


nothing 
on Port 
2 bit 4. 


Bit 
2 
TI E (Transmit 
Interrupt 
Enable); 
When 
this 
bit 
is set, 


TDRE 
(bit 
5) 
causes 
an 
IRQ2 
interrupt. 
When 


cleared, 
TDRE 
interrupt 
is masked. 


Bit 3 RE (Receive 
Enable); 
When 
set, Port 
2 bit 
3 can 
be used 


as an input 
of receive 
regardless 
of DDR 
value 
for 


this bit. When 
cleared, 
the receiver 
is disabled. 


Bit 
4 
RIE 
(Receive 
Interrupt 
Enable); 
When 
this 
bit 
is set, 


IWRF 
(bit 
7) 
or 
ORFE 
(bit 
6) cause 
an mQ2 


interrupt. 
When 
cleared, 
this interrupt 
is masked. 
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Bit 5 
TORE 
(Transmit 
Data 
Register 
Empty); 
When 
the data 


is 
transferred 
from 
the 
Transmit 
Data 
Register 
to 
Output 
Shift 
Register, 
this 
bit 
is set 
by hard- 


ware. 
The 
bit 
is cleared 
by 
reading 
the status 
re- 


gister 
followed 
by writing 
the 
next 
new 
data 
into 
the 
Transmit 
Data 
Register. 
TORE 
is initialized 


to 1 by PIS". 


Bit 
6 
ORFE 
(Over 
Run 
Framing 
Error); 
When 
overrun 
or 
framing 
error 
occurs 
(receive 
only), 
this bit is set 


by hardware. 
Over Run 
Error 
occurs 
if the attempt 


is made 
to 
transfer 
the 
new 
byte 
to 
the 
receive 
data 
register 
while 
the 
RDRF 
is "1". 
Framing 
Error 
occurs 
when 
the bit counter 
is not 
synchro- 
nized 
with 
the 
boundary 
of 
the 
byte 
in the 
re- 


eeiving 
bit 
stream. 
When 
Framing 
Error 
is de- 
tected, 
RDRF 
is not 
set. Therefore 
Framing 
Error 
can 
be distinguished 
from 
Overrun 
Error. 
That 
is, 


if ORFE 
is "I" 
and 
RDRF 
is "I", 
Overrun 
Error 
is 
detected. 
Otherwise 
Framing 
Error 
occurs. 


The 
bit 
is cleared 
by 
reading 
the 
status 
register 
followed 
by 
reading 
the 
receive 
data 
register, 
or 
by RES. 


Bit 
7 
RDRF 
(Receive 
Data 
Register 
Full); 
This 
bit 
is set 
by 
hardware 
when 
the 
data 
is transferred 
from 
the 


receive 
shift 
register 
to 
the 
receive 
data 
register. 


It is cleared 
by reading 
the status 
register 
followed 
by reading 
the receive 
data 
register, 
or by RES. 


Fhlf.nd 
Mock Co""OI A~i""r 
Bit 0 


~S10 


XTAl 
2.4576 MHz 
4.0 MHz 
49152MHz 


SSI 
SSO 
E 
614.4 kHz 
1.0MHz 
1 2288MHz 


0 
0 
E ~ 16 
26 1'./38,400 
Baud 
16 
1'./62.500 
Baud 
13 
",/76.8ooBaud 


0 
1 
E ~ 12B 
208,,./4.800 
Baud 
128 
1'.17812.5 Baud 
1042",/ 
9.6ooBaud 


1 
0 
E'" 
1024 
1.67m./600 
Baud 
I .024m./976.6 
Baud 
8333"'/ 
1.2oo8aud 


1 
1 
E'" 4096 
6.67m./ISO 
Baud 
4.096m.1244. I Baud 
3333m,/ 
300Baud 
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CC1:CCO 
Format 
Clock 
Source 
PorI 2 Bil 2 
Port 2 Bil3 
Port 2 Bil 4 


0 
0 
- 
- 
- 
- 
- 


0 
1 
NRZ 
Internal 
Not 
Used * ** 
.. 
.. 


1 
0 
NRZ 
Internal 
Output- 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 


• 
Clock output 
is available regardless of values for bits RE and TE . 


•• 
elt 3 is used for serial input If RE '" .,," 
In TRCS. 
Bit 4 IS used for serial output if TE 
E 
"'" 
in TRCS . 
••• 
This pin can be used as I/O port. 


• 
Transfer 
Rate/Mode 
Control 
Register 
(RMCR) 


The register 
controls 
the following 
serial I/O functions: 
• Bauds 
rate 
'data 
format 
• clock 
source 


• Port 
2 bit 2 feature 


It is 4-bit 
write-only 
register, 
cleared 
by RES. 
The 4 bits are 


considered 
as a pair 
of 2-bit 
fields. 
The lower 
2 bits control 
the 
bit 
rate 
of 
internal 
clock 
while 
the 
upper 
2 bits 
control 
the 
format 
and the clock 
select 
logic. 


Bit 0 SSO} 
Bit 1 SS I 
Speed 
Select 


These 
bits 
select 
the 
Baud 
rate 
for 
the 
internal 
clock. 
The 
rates 
selectable 
are function 
of E clock 
frequency 
of the CPU. 


Table 
5 lists the available 
Baud 
Rates. 


Bit2 CCO } 
Bit 3 CCI 
Clock 
Control/Format 
Select 


They 
control 
the 
data 
format 
and 
the 
clock 
select 
logic. 


Table 
6 defines 
the bit field. 


• 
Internally 
Generated 
Clock 


If the 
user 
wish 
to use 
externally 
an internal 
clock 
of 
the 
serial I/O, the following 
requirements 
should 
be noted. 


'CCI, 
CCO must 
be set to" 
10". 


• The maximum 
clock 
rate must 
be E/16. 


• The clock 
rate is equal 
to the bit rate. 
• The values 
of RE and TE have no effect. 


• 
Externally 
Generated 
Clock 


If 
the 
user 
wish 
to 
supply 
an external 
clock 
to 
the 
Serial 


I/O, the following 
requirements 
should 
be noted. 
• The CC I, CCO must 
be set to "11" 
(See Table 
6). 


• The 
external 
clock 
must 
be set 
to 
8 times 
of the desired 
baud 
rate. 


• The maximum 
external 
clock 
frequency 
is E/2 clock. 


• 
Serial 
Operations 
The 
serial 
I/O 
hardware 
must 
be initialized 
by the 
software 
before 
operation. 
The sequence 
will be normally 
as follows. 


•Writing 
the 
desired 
operation 
control 
bits 
of the Rate 
and 


Mode Con trol Register. 


• Writing 
the 
desired 
operation 
control 
bits 
of 
the 
TRCS 


register. 


If Port 
2 bit 3. 4 are used 
for serial I/O, TE, RE bits may be 
kept 
set. 
When 
TE, 
RE 
bit 
are 
cleared 
during 
SCI 
operation, 


and 
subsequently 
set 
again, 
it 
should 
be noted 
that 
TE, 
RE 
must 
be kept 
"0" 
for at least 
one 
bit 
time 
of the current 
baud 
rate. 
If TE, 
RE are set again 
within 
one bit 
time, 
there 
may be 


the 
case 
where 
the 
initializing 
of internal 
function 
for 
trans- 
mitter 
and receiver 
does not 
take place correctly. 


• 
Transmit 
Operation 
Data 
transmission 
is enabled 
by 
the 
TE 
bit 
in the 
TRCS 


register. 
When 
set, 
the 
output 
of 
the 
transmit 
shift 
register 


is connected 
with 
Port 
2 bit 
4 which 
is unconditionally 
con- 


figured 
as an output. 


After 
RES, the 
user 
should 
initialize 
both 
the 
RMC 
register 


and 
the 
TRCS 
register 
for desired 
operation. 
Setting 
the TE bit 


causes 
a transmission 
of ten-bit 
preamble 
of" 
I "s. Following 
the 


preamble, 
internal 
synchronization 
is established 
and 
the 
trans· 


mitter 
is ready 
to operate. 
Then 
either 
of the 
following 
states 


exists. 
(I) 
If the 
transmit 
data 
register 
is empty 
(TORE 
= I), 
the 


consecutive 
"I"s 
are 
transmitted 
indicating 
an 
idle 


states. 


(2) 
If 
the 
data 
has 
been 
loaded 
into 
the 
Transmit 
Data 


Register 
(TORE 
= 0), 
it 
is transferred 
to 
the 
output 


shift 
register 
and data 
transmission 
begins. 


During 
the 
data 
transfer, 
the 
start 
bit 
("0") 
is first 
trans- 


ferred. 
Next 
the 
8-bit 
data 
(beginning 
at bit 0) and 
finally 
the 


stop 
bit ("I"). 
When 
the contents 
of the Transmit 
Data 
Register 


is transferred 
to the 
output 
shift 
register, 
the 
hardware 
sets the 


TORE 
flag 
bit: 
If the 
CPU 
fails 
to respond 
to the 
flag within 


the 
proper 
time, 
TORE 
is kept 
set and then 
a continuous 
string 


of I's is sent until 
the data 
is supplied 
to the data 
register. 


• 
Receive 
Operation 
The 
receive 
operation 
is enabled 
by 
the 
RE 
bit. 
The 
serial 


input 
is connected 
with 
Port 
2 bit 
3. The 
receiver 
operation 
is determined 
by 
the contents 
of the TRCS 
and 
RMC register. 


The 
received 
bit 
stream 
is synchronized 
by the 
first 
"0" 
(start 


bit). 
During 
10-bit 
time, 
the 
data 
is strobed 
approximately 
at 


the 
center 
of each 
bit. 
If the 
tenth 
bit 
is not 
"I" 
(stop 
bit), 


the system 
assumes 
a framing 
error 
and the ORFE 
is set. 


If the 
tenth 
bit is "1", 
the 
data 
is transferred 
to the 
receive 


data 
register, 
and 
the 
RDRF 
flag is set. 
If the 
tenth 
bit of the 


next 
data 
is received 
and 
still 
RDRF 
is preserved 
set, 
then 


ORFE 
is set indicating 
that 
an overrun 
error 
has occurred. 


After 
the 
CPU 
read 
of 
the 
sta tus 
register 
as a response 
to 


RDRF 
flag 
or 
OR FE 
flag, 
followed 
by 
the 
CPU 
read 
of 
the 


receive 
data 
register, 
RDRF 
or ORFE 
will be cleared. 


• 
RAM 
CONTROL 
REGISTER 
The 
register 
assigned 
to 
the 
address 
SOOl4 
gives 
a status 


information 
about 
standby 
RAM. 


Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable (RAMEl. 


Using this control 
bit, the user can disable the RAM. RAM 


Enable bit is set on the positive edge of RES and RAM is 
enabled. 
The program 
can write 
"I" 
or "0". 
If 
RAME is 


cleared, 
the RAM address becomes external 
address and the 


CPU may read the data from the outside memory. 
Bit 7 Standby Power Bit (STBY PWR) 


This bit can be read or written 
by the user program. It is 


cleared when the Vcc 
voltage is removed. Normally this bit 


is set by the program before going into stand·by mode. When 
the CPU recovers from stand·by 
mode, 
this bit 
should 
be 


checked. 
If it is "I", 
the data of the RAM is retained during 


stand· by and it is valid. 


• 
GENERAL DESCRIPTION 
OF INSTRUCTION SET 


The HD6303R 
has an upward object code compatible with 


the HD6801 
to utilize all instruction 
sets of the HMCS6800. 


The execution 
time of the key instruction is reduced to increase 


the system through.put. 
In addition, the bit operation instruc- 


tion, 
the 
exchange 
instruction 
between 
the index 
and the 


accumulator, 
the 
sleep 
instruction 
are added. 
'This section 


describes: 


• CPU programming model (See Fig. 20) 
• Addressing modes 
•Accumulator 
and memory manipulation 
instructions 
(See 


Table 7) 
· New instructions 
•Index 
register and 
stack manipulation 
instructions 
(See 


Table 8) 
•Jump and branch instructions (See Table 9) 
•Condition 
code 
register 
manipulation 
instructions 
(See 


Table 10) 
•Op·code map (See Table II) 
• Cycle·by·cycle operation (See Table 12) 


• 
CPU Programming Model 
The programming model for the HD6303R is shown in Fig· 


ure 20. The double accumulator 
is physically the same as the 


accumulator 
A concatenated 
with the accumulator 
B, so that 


the contents of A and B is changed with executing operation of 
an accumulator D. 
t 
. 
·u7 
• 
~ 
•.• " A""m"'"o,, 
A,"d • 
15- - - - - 
- - 
- 
0 - - - 
- - 
- - 
- ~ 
0, 16·8" Double Accumulator 0 


I" 
·1 Index Aeg,ster (XI 


I" 
·1 Slack Po,nter 
ISP) 


(15 
PC 
·1 Program 
Counter 
lPCI 


, 
. 


~ 


' 
H 
I ~ 
1 
"C 
Cond'II0n Code Reg,ue. ICeAI 


Carry/Borrow 
from 
MSB 


Overflow 
Zero 
NegatIve 
Interrupt 
Half 
CaffV 
IFrom 
a,. 
31 


• 
CPU Addressing Modes 
The HD6303 R has seven address modes which depend on 


both of the instruction type and the code. The address mode for 


every instruction 
is shown along with execution 
time given in 
terms 
of machine 
cycles (Table 
7 to 
II). 
When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 
Only the accumulator (A or B) is addressed. Either accumula· 


tor A or B is specified by one-byte instructions. 
Immediate Addressing 
In this mode, the operand is stored in the second byte of the 


instruction 
except that the operand in LDS and LDX, etc are 
stored 
in the second and the third byte. 
These are two or 
three-byte instructions. 
Direct Addressing 
In this mode, the second byte of instruction 
indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations 
zero 
through 
255. 
Improved 
execution 
times are 


achieved 
by 
storing 
data 
in 
these 
locations. 
For 
system 
configuration, 
it is recommended 
that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte 
instructions 
except 
the 
AIM, OIM, ElM and TIM 


which have three-byte. 
Extended Addressing 
In this mode, the second byte indicates the upper 8 bit 
addresses where the operand 
is stored, while the third byte 


indicates 
the 
lower 
8 bits. This is an absolute 
address 
in 
memory. These are three-byte instructions. 
Indexed Addressing 
In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, ElM 
and TIM instructions, 
the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result· 
ing "carry" 
is added to the upper 8 bits in the Index Register. 


The result is used for addressing memory. Because the modified 
address is held in the Temporary 
Address Register, there is no 


change to the Index Register. These are two-byte instructions 
but AIM, OIM, ElM, TIM have three·byte. 
Implied Addressing 
In this mode, the instruction 
itself gives the address; stack 
pointer, index register, etc. These are I-byte instructions. 
Relative Addressing 
In this mode, the contents of the second byte is added to the 


lower 8 bits in the program counter. 
The resulting carry or 
borrow 
is added to the upper 8 bits. This helps the user to 


address the data within a range of - 126 to + 129 bytes of the 
current execution 
instruction. 
These are two-byte instructions. 
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Condition 
Code 
Addressing Modes 
Register 


Operations 
Mnemonic 
Booleanl 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A +M- 
A 
I · 


I 
I 
I I 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-B 
I · 


I I I I 


Add Doable 
AODD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A: 
B + M: 
M+l-A:B 
·· 


I I I 
I 


Add Accumulators 
ABA 
1B 
1 
1 
A+B-A 
I · 
I 
I 
I I 


Add With 
c.rry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
I · : 
I I I 


AOCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
I · 
I 
I 
I I 


ANO 
ANDA 
B4 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
·· 
I 
I 
R · 
ANDB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M- 
B 
·· 
I 
I 
R · 
Bit Test 
BIT 
A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
·· 


I I 
R · 
BIT 
B 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
·· 


I I 
R · 
Clear 
CLR 
6F 
5 
2 
7F 
5 
3 
00- 
M 
·· 


R 
S 
R 
R 


CLRA 
4F 
1 
1 
00- 
A 
·· 


R 
S 
R 
R 


CLRB 
5F 
1 
1 
00- 
B 
·· 


R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
B1 
4 
3 
A-M 
·· 
I 
I 
I I 


CMPB 
C1 
2 
2 
01 
3 
2 
E1 
4 
2 
F1 
4 
3 
B-M 
·· 
I 
I 
I I 


Compare 
ceA 
11 , 
1 
A-B 
·· 


I 
I 
I I 
Accumulators 


Complement. 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· I 
I 
R 
S 


COMA 
43 
1 
1 
A -A 
·· 
I 
I 
R 
S 


COMB 
53 
1 
1 
B 
-B 
·· 
I 
I 
R 
S 


Complement,2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I 
I <D1> 


(Negate' 
NEGA 
40 
1 
1 
00 - A - 
A 
·· 


I 
I 
Ii) (~. 


NEGB 
50 
1 
1 
oo-B-B 
·· 


I I <D~ 


Decimal 
Adjust. 
A 
DAA 
19 
2 
1 
Converts binary 
add of BCD ·· 
I 
I 
I ~ 
characters 
into BCD 
format 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M-1 
_M 
·· 
I 
I 
@ · 
OECA 
4A 
1 
1 
A -1 
- 
A 
·· 
I 
I @ • 


DECB 
5A 
1 
1 
B-1-B 
·· 
I I @. 


Exclusive OR 
EORA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
BB 
4 
3 
A@M-A 
·· 
I 
I 
R · 
EORB 
C8 
2 
2 
08 
3 
2 
EB 
4 
2 
F8 
4 
3 
B@M- 
B 
·~ I I 
R · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
·· 
I I ® • 


INCA 
4C 
1 
1 
A + 1 - 
A 
·· 
I 
I ® • 


INCB 
5C 
1 
1 
B + 1 - 
B 
·· I I ® • 


Load 
LOAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
·· 


I I 
R · 
Accumu lator 
LDAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
·· 


I 
I 
R · 
Load Double 
LOO 
CC 
3 
3 
OC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 - 
B, M- 
A 
·· I 
I 
R · 


Accumulator 


Multiply 
Unsigned 
MUL 
3D 
7 
1 
AxB-A:B 
····· 
@ 


OR, 
Inclusive 
QRAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
·· 
I 
I 
R · 
ORAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B • M- 
B 
·· 


I 
I 
R · 
Push Oat. 
PSHA 
36 
4 
1 
A ..• Mil), 
SP - 
1 - 
SP 
······ 
PSHB 
37 
.4 
1 
B - 
Mil). 
SP - 
1 - 
SP 
······ 
Pull Data 
PULA 
32 
3 
1 
SP. 
1 - 
SP. Msp - 
A 
······ 
PULB 
33 
3 
1 
SP. 
1 - 
SP, Msp - 
B 
······ 
Rotata 
Left 
ROL 
69 
6 
2 
79 
6 
3 
:}l{H ! I 
I I ! 1 !~ ·· 
I I 
@ I 


ROLA 
49 
1 
1 
·· 


I I 
@ I 


ROLB 
59 , 
1 
B 
b1 
bO ·· 


I 
I 
@ I 


Rotate 
Right 
ROR 
66 
6 
2 
76 
6 
3 
:} l{}11 I j I ! I ,>J ·· 


I I 
@ 


RORA 
46 
1 
1 
·· 
I 
I 
@ 
I 
. 
., 
bO 
RORB 
56 , 
1 
·· 
I 
I 
.1) I 
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Addressing 
Mode, 


Condition 
Code 
Register 


Operation, 
Mnemonic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
800leanl 
5 
4 
3 
2 
1 
0 
Arithmetic 
Operation 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Shift 
left 
ASL 
68 
6 
2 
78 
6 
3 
Ml 
- 
·· 
I I lID I 


Arithmetic 
AS LA 
48 
1 
1 
A 
f?1llll1llt-o 
·· 
I I @l 


ASlB 
58 
1 
1 
8 
b1 
bO ·· 
I I 
6 
I 


Double 
Shift 
ASlD 
05 
1 
1 ~ 
Ace AI lce I 
k-o ·· 
I I 
& I 


left. 
Arithmetic 
., 
"'0 11 
80 


Shift 
Right 
ASR 
67 
6 
2 
77 
6 
3 
:) en !ITii I f.9 ·· 
I I 
6 
I 


Arithmetic 
ASRA 
47 
1 
1 
·· 
I I 
6 
I 


ASR8 
57 
1 
1 
8 
bf 
bO 
·· 
I I 
6 
I 


Shift 
Right 
LSR 
64 
6 
2 
74 
6 
3 
:}o..{ I - 
·· 


R I 
I 


logiCilI 
LSRA 
44 
1 
1 
III 
t IlbO~ ·· 


R I 
6 
I 


LSR8 
54 
1 
1 . " 
·· 


R I 
I 


Double 
Shih 
0....( 
~ 


(§) 
LSRD 
04 
1 
1 
ACC 
AO 
AI a~CC 8 80~ ·· 


R I 
I 
Right 
logical 
., 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
B/ 
4 
3 
A_M 
·· 
I I 
R · 
Accumulator 
STAB 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
·· 
I I 
R · 
Store 
Double 
STO 
DO 
4 
2 
ED 
5 
2 
FO 
5 
3 
A_M 
·· 
I I 
R · 
Accumulator 
8 _ 
M + 1 


Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A-M 
_A 
·· 
I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B -M-B 
·· 
I I I I 


Double 
Subtract 
SUBO 
B3 
3 
3 
93 
4 
2 
A3 
5 
2 
B3 
5 
3 
A: 
B-M 
:M+l-A:B 
·· 
I I I I 


Subtract 
SBA 
10 
1 
1 
A-B-A 
·· 
I I I I 
Accumulators 


Subtract 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
·· 
I I I I 


With 
Carrv 
SBCB 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
·· 
I I I I 
-- 
R 
Transfer 
TAB 
16 
1 
1 
A-B 
·· 
I I · 
Accumulators 
TBA 
17 
1 
1 
B_A 
·· 
I I 
R · 
Test 
Zero 
or 
TST 
60 
4 
2 
70 
4 
3 
M -00 
·· 
I 
I 
R 
R 


Minus 
TSTA 
40 
1 
1 
A -00 
·· 
I I 
R 
R 


TSTB 
50 , 
1 
B - 
00 
·· 
I I 
R 
R 


And 
Immediate 
AIM 
7' 
6 
3 
6' 
7 
3 
M·IMM-M 
• • I I 
R • 
OR Immediate 
OIM 
72 
6 
3 
62 
7 
3 
M+IMM-M 
• • I I 
R • 
EOR Immediate 
ElM 
75 
6 
3 
65 
7 
3 
M$IMM-M 
• • 
1 
1 
R • 
Test 
Immediate 
TIM 
7B 
4 
3 
6B 
5 
3 
M·IMM 
• • 
1 
1 
R • 
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• 
New Instructions 
In addition 
to the HD6801 Instruction 
Set, the HD6303R 


has the following new instructions: 
AIM---·(M)· 
(IMM)-+(M) 
Evaluates 
the 
AND of the immediate 
data and the 


memory, places the result in the memory. 


DIM---- (M) + (IMM) -+(M) 
Evaluates 
the 
OR of the 
immediate 
data 
and 
the 


memory, places the result in the memory. 


EIM----(M)(±) 
(IMM) -+(M) 


Evaluates 
the 
EOR 
of the immediate 
data and the 


memory, places the result in the memory. 


TIM---·(M)· 
(IMM) 
Evaluates 
the AND of the immediate 
data and the 


memory, changes the flag of associated condition code 
register 
Each instruction 
has three bytes; the first is op-code, the 


second is immediate data, the third is address modifier. 
XGDX--(ACCD) 
+> (IX) 
Exchanges the contents of accumulator 
and the index 


register. 


SLP----The 
MPU is brought 
to the sleep mode. For sleep 


mode, see the "sleep mode" section. 


Addressing 
Modes 
Conditton 
Code 


Bool•• nl 
Regist.r 
Pointer 
Operations 
Mnemonic 
IMMEO 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 
0 
3 
2 
1 
0 
Op - • Op - • Op - • Op - • Op - • 
H 
I 
N 
Z 
V 
C 


Compar. 
Inde. 
Reg 
CPX 
8C 
3 
3 
9C 
4 
2 
AC 
5 
2 
8C 
5 
3 
X-M:M+1 
0 
0 
I I I I 


Decrement 
Index 
Reg 
DEX 
09 
1 
1 
X - 
1 - 
X 
0 
0 
0 I 
0 
0 


Decr.ment 
Stack 
Pnt, 
PES 
30 
1 
1 
SP- 
1 -SP 
0 
0 
0 
0 
0 
0 


Increment 
Index 
Reg 
INX 
08 
1 
1 
X ., 
....• X 
0 
0 
0 
I 
0 
0 


Increment Stack Pnt, 
INS 
31 
1 
1 
sP+l-SP 
0 
0 
0 
0 
0 
0 


Loed 
Index 
Reg 
LOX 
CE 
3 
3 
DE 
0 
2 
EE 
5 
2 
FE 
5 
3 
M ...•XH.IM+ll-XL 
0 
• 
Q) I 
R 
0 


Lc»d 
Stack 
Pnt, 
LOS 
8E 
3 
3 
9E 
0 
2 
AE 
5 
2 
8E 
5 
3 
M- 
sPH.IM+,. 
....•sPL 
0 
o 
([) 
I 
R 
0 


Store 
I"du 
A~ 
STX 
OF 
0 
2 
EF 
5 
2 
FF 
5 
3 
XH 
- 
M. 
XL 
....• (M 
-+ 11 
0 
o 
([) 
I 
R 
0 


Store 
Stack 
Pnt, 
STS 
9F 
0 
2 
AF 
5 
2 
8F 
5 
3 
SPH ....•M. SPL ....•(M -+, I 
0 
0 
([) I 
R 
0 


Index 
Reg"" 
Stack 
Pnt, 
TXS 
35 
1 
1 
X-l-sP 
0 · 


0 
0 
0 
0 


Stack 
Pnt, 
....•Index 
Reg 
TSX 
30 
1 
1 
SP+ l-X 
0 
0 . 0 . 0 


Add 
A8X 
3A 
1 
1 
B -+ X ....• X 
0 
0 
0 
0 
0 
0 


Push 
Olta 
PSHX 
3C 
5 
1 
XL"'" 
MtP• 
SP - 
1 ....•SP 
0 
0 
0 
0 
0 
0 


XH ....•MIP• 
SP - 
1 ....•SP 


Pull oeta 
PUlX 
38 
4 
1 
SP + t ....•SP. 
Mil' 
.....•XH 
0 
0 
0 
0 
0 
0 
SP+l-SP.MIP-XL 


Exchange 
XGDX 
18 
2 
1 
ACCD-IX 
• • 
0 • • • 
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Addressing 
Modes 
Conditton 
Code 


Regist.r 
()perations 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Branch Test 
5 • 
3 
2 , 
0 


DP - • 
DP - .DP - • 
DP - • 
DP - • 
H 
I 
N 
Z 
V 
C 


Branch Always 
BAA 
20 
3 
2 
None 
······ 
Branch Never 
BAN 
21 
3 
2 
None 
······ 
Branch 
If Catry 
CI.r 
BCC 
2. 
3 
2 
COO 
······ 
Branch 
If Carry Set 
BCS 
25 
3 
2 
C - I 
······ 
Branch 
If· 
Zero 
BEQ 
27 
3 
2 
Z"· 
1 
······ 
Branch 
If ;> Zero 
BGE 
2C 
3 
2 
N@V'O 
······ 
Branch 
If > Z.ro 
BGT 
2E 
3 
2 
Z + IN@ 
VI- 
0 
······ 
Branch 
If Higher 
BHI 
22 
3 
2 
C.Z·o 
······ 
Branch 
If <: Zero 
BLE 
2F 
3 
2 
Z + IN@ 
VI- 
1 
······ 
Branch 
If lower 
Or 
BLS 
23 
3 
2 
c.Z·, 
······ 
Som. 


Branch 
If < Z.ro 
BLT 
20 
3 
2 
N@V-I 
······ 
Branch 
If Minus 
BMI 
2B 
3 
2 
N -, 
······ 
Branch 
If Not 
Equal 
BNE 
26 
3 
2 
Z·O 
······ 
Zero 


Branch 
If Overflow 
BVC 
2B 
3 
2 
V-O 
······ 
Clear 


Branch 
If Overftow 
Set 
BVS 
29 
3 
2 
V - I 
······ 
Bfllnch 
If Plu, 
BPL 
2A 
3 
2 
N-O 
······ 
Branch To Subroutine 
BSA 
BD 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To Subroutine 
JSA 
90 
5 
2 
AD 
5 
2 
BD 
6 
3 
······ 
No Operation 
NDP 
0' 
I 
1 
Advance, 
Prog. entr" ······ 


Only 


Return 
From 
Int.rrupt 
I 
ATI 
3B 
10 
1 
(j) 


R.tum 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Softwar. 
Interrupt 
SWI 
3F 
'2 
I 
· 


S ···· 
W.it 
for Int.rrupt· 
WAI 
3E 
9 
I 
· 


(j) 
• ··· 
Sl••• 
SlP 
1A 
4 
1 
• • • • • • 
- 
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ddress"'9Modet 
Condilion 
Code 
Aegluer 


Oper.t10 
ns 
Mnemonc 
IMPLIED 
Boolun 
Qperallon 
5 
• 
3 
2 
1 
0 


0' - . 
H 
I 
N 
Z 
V 
C 


C"" 
CMry 
CLC 
OC 
1 
1 
O-C 
· · · · · 


R 


Cle.r 
Interrupt 
Mask 
Cli 
OE 
1 
1 
0-1 
· 


R · · · · 
CIMr Owrflow 
CLV 
OA 
1 
1 
O-V 
· · · · 


R · 
Set Cerry 
SEC 
00 
1 
1 
l-C 
· · · · · 
S 


Set 
Interrupt 
Mask 
SEI 
OF 
, 
1 
1 - 
I 
· 


S · · · · 
SitIO ••••rflow 
SEV 
OB 
1 
1 
1 - 
V 
· · · · 
S · 
Accumulator 
A - 
CCA 
TAP 
06 
1 
1 
A- 
CCR 
--- 
@ --- 


CCA - 
Accumul.tor 
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07 
1 
1 
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Condition Code Register Notes: IBit set if test is true and cleared otherwise) 


(1) 
IBit V) 
Test: Result::: 10000000? 


@ 
IBit CI 
Test; 
Result 
\ 0ס0ooooo' 


@ 
IBit C) 
Test: BCD Character of high-order byte greater than 
9? (Not cleared if previously set) 


@ 
(Bit V) 
Test: Operand::: 1000סס oo prior to execution? 


® 
(Bit V) 
Test: Operand::: 01111111 prior to execution? 


® 
(Bit V) 
Test: Set equal to Nl&C:::1after the execution of instructions 


(j) 
(Bit N) 
Test: Result lessthan zero? 
(Bit 15-1) 


® 
(All Bit) 
Load Condition Code Register from Stack. 


(~ 
IBit II 
Set when interrupt occurs. If previously set, a Non·Maskable Interrupt is required to exit the wait 
state. 


@> 
(All Bit) 
Set according to the contents of Accumulator A. 


® 
(Bit C) 
Result of Multiplication 
Bit 7:::1 of ACCB? 
CLI instruction and interrupt. 
If interrupt 
mask-bit is set {I:::"l"j 
and interrupt 
is requested (i"R"Ci';' :::: "0" or IRQ1 :::: "a"), 
and then CLI instruction is executed, the CPU responds as follows. 
CD 
The next instruction of CLI is one-machine cycle instruction. 
Subsequent two instructions are executed before the interrupt 
is responded. 
That is, the next and the next of the next instruction are executed. 
@ 
The next instruction of CLI is two-machine cycle (or more) instruction. 
Only the next instruction is executed and then the CPU jump to the interrupt routine. 
Even if TAP instruction is used,lnstead of CLI, the samething occurs. 


OP 
ACC 
ACC 


~ 


ACCA 
or 
SP 
ACCS 
or 
X 
INO 
CODE 
A 
B 
OIR 
IMM 
I 
OIR 
I 
INO 
I 
EXT 
IMM 
OIR 
I 
INO 
I 
EXT 


I~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
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0111 
1000 I 1001 I 1010 I 1011 
1100 I 1101 I 
"'0 
I 1111 
LO 
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3 
• 
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I 
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I 
E 
I 
F 
0000 ° ------ 
SRA 
BRA 
TSX 
NEG 
SUB 
° 
000' 
1 
NOP 
CRA 
BRN 
INS -- 
I 
AIM 
CMP 
1 
0010 
2 ~ 
~ 
BHI 
PULA --- 
I 
OIM 
SBC 
2 
0011 
3 ------- 
------ 
BLS 
PULB 
COM 
SUBO 
I 
AOOO 
3 
0100 • 
LSRO 
----- 
BCC 
DES 
LSR 
AND 
• 
010' 
S 
ASLO 
.------ 
BCS 
TXS -- 
I 
ElM 
BIT 
S 
0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
BEa 
PSHB 
ASR 
~ 
STA 
~I 
STA 
7 


1000 
8 
INX 
XGOX 
BVC 
PUlX 
ASL 
EOR 
8 


1001 
9 
OEX 
OAA 
BVS 
RTS 
ROL 
AOC 
9 
'0'0 
A 
CLV 
SLP 
BPL 
ABX 
OEC 
ORA 
A 
1011 
B 
SEV 
ABA 
BMI 
RTI -- 
I 
TIM 
ADD 
B 


1100 
C 
CLC 
.-/ 
BGE 
PSHX 
INC 
CPX 
LOO 
C 
1101 
0 
SEC 
------- 
BL T 
MUL 
TST 
BSR I 
JSR 


_______ 
I 


STD 
0 


111O 
E 
Cli 
.------ 
BGT 
WAI 
~ 
------- 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
.------ 
BLE 
SWI 
CLR 
~·I 
STS 
~ 
STX 
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• 
Instruction Execution Cycles 
In the HMCS6800 series, the execution cycle of each instruc- 


tion is the number of cycles between the start of the current 
instruction 
fetch and just before the start of the subsequent 


instruction fetch. 
The HD6303R 
uses a mechanism 
of the pipeline control 


for the instruction 
fetch and the subsequent instruction 
fetch 


is performed during the current instruction being executed. 


Therefore, 
the method 
to count instruction 
cycles used in 


the 
HMCS6800 
series cannot 
be applied 
to the instruction 


cycles such as MULT, PULL, DAA and XCDX 
in the HD6303R. 


Table 
12 provides the information 
about 
the relationship 
among each data on the Address Bus, Data Bus, and RfW status 
in cycle-by-cycle basis during the execution of each instruction. 


Address 
Mode & 


Instructions 


ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Operand 
Data 
AND 
SIT 
2 
Op Code Address+2 
1 
Next Op Code 
CMP 
EOR 
2 


LOA 
ORA 


SSC 
SUS 


ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Operand 
Data (MSS) 
LDD 
LOS 
3 
2 
Op Code Address+2 
1 
Operand 
Data (LSS) 
LOX 
SUSD 
3 
Op Code Address+3 
1 
Next Op Code 


ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Address of Operand 
(LSS) 
AND 
SIT 
2 
Address of Operand 
1 
Operand 
Data 
CMP 
EOR 
3 
3 
Op Code Address+2 
1 
Next Op Code 
LDA 
ORA 


SSC 
SUS 


STA 
1 
Op Code Address+ 
1 
1 
Destination Address 


3 
2 
Destination Address 
0 
Accumulator 
Data 


3 
Op Code Address+2 
1 
Next Op Code 
ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Address of Operand 
(LSS) 
LDD 
LDS 
4 
2 
Address of Operand 
1 
Operand 
Data (MSS) 
LDX 
SUSD 
3 
Address of Operand + 1 
1 
Operand 
Data (LSS) 


4 
Op Code Address+2 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
Destination 
Address (LSS) 
STX 
4 
2 
Destination Address 
0 
Register Data (MSS) 


3 
Destination Address + 1 
0 
Register Data (LSS) 


4 
Op Code Address+2 
1 
Next Op Code 
JSR 
1 
Op Code Address+l 
1 
Jump Address (LSS) 


2 
FFFF 
1 
Restart Address (LSS) 


5 
3 
Stack Pointer 
0 
Return Address (LSS) 


4 
Stack Pointer - 1 
0 
Return Address (MSS) 


5 
Jump Address 
1 
First Subroutine 
Op Code 
TIM 
1 
Op Code Address+ 
1 
1 
Immediate Data 


4 
2 
Op Code Address+2 
1 
Address of Operand 
(LSS) 


3 
Address of Operand 
1 
Operand 
Data 


4 
Op Code Address+3 
1 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+ 
1 
1 
Immediate Data 
OIM 
2 
Op Code Address+2 
1 
Address of Operand 
(LSS) 


6 
3 
Address of Operand 
1 
Operand 
Data 


4 
FFFF 
1 
Restart Address (LSSI 


5 
Address of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 
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Address 
Mode & 


Instructions 


JMP 
1 
Op Code Address+ 
1 
1 
Offset 
3 
2 
FFFF 
1 
Restart Address 
(LSB) 


3 
Jump Address 
1 
First Op Code of Jump Routine 
ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Offset 


AND 
BIT 
2 
FFFF 
1 
Restart Address 
(LSB) 
CMP 
EOR 
4 
3 
IX + Offset 
1 
- Operand 
Data 


LDA 
ORA 
4 
Op Code Address+2 
1 
Next Op Code 
SBC 
SUB 


TST 
STA 
1 
Op Code Address+ 
1 
1 
Offset 


4 
2 
FFFF 
1 
Restart Address 
(LSB) 


3 
IX+Offset 
0 
Accumulator 
Data 


4 
Op Code Address+2 
1 
Next Op Code 


ADDD 
1 
Op Code Address+ 
1 
1 
Offset 


CPX 
LDD 
2 
FFFF 
1 
Restart Address 
(LSBI 
LDS 
LDX 
5 
3 
IX + Offset 
1 
Operand 
Data (MSB) 
SUBD 
4 
IX+Offset+ 
1 
1 
Operand 
Data (LSB) 


5 
Op Code Address + 2 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
Offset 


STX 
2 
FFFF 
1 
Restart Address 
(LSB) 


5 
3 
IX+Offset 
0 
Register Data (MSB) 


4 
IX+Offset+l 
0 
Register Data (LSB) 


5 
Op Code Address+2 
1 
Next Op Code 


JSR 
1 
Op Code Address+ 
1 
1 
Offset 
2 
FFFF 
1 
Restart Address 
(LSBI 


5 
3 
Stack Pointer 
0 
Return Address 
(LSB) 


4 
Stack Pointer-l 
0 
Return Address 
(MSB) 


5 
IX+Offset 
1 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+ 
1 
1 
Offset 


COM 
DEC 
2 
FFFF 
1 
Restart Address 
(LSB) 
INC 
LSR 
6 
3 
IX+Offset 
1 
Operand 
Data 


NEG 
ROL 
4 
FFFF 
1 
Restart Address 
(LSB) 
ROR 
5 
IX+Offset 
0 
New Operand 
Data 


6 
Op Code Address+2 
1 
Next Op Code 


TIM 
1 
Op Code Address+l 
1 
Immediate 
Data 


2 
Op Code Address+2 
1 
Offset 


5 
3 
FFFF 
1 
Restart Address 
(LSB) 


4 
IX+Offset 
1 
Operand 
Data 


5 
Op Code Address+3 
1 
Next Op Code 
CLR 
1 
Op Code Address+l 
1 
Offset 
2 
FFFF 
1 
Restart Address 
(LSB) 


5 
3 
IX+Offset 
1 
Operand 
Data 


4 
IX + Offset 
0 
00 
5 
Op Code Address+2 
1 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 
OIM 
2 
Op Code Address+2 
1 
Offset 
3 
FFFF 
1 
Restart Address 
(LSB) 
7 
4 
IX+Offset 
1 
Operand 
Data 
5 
FFFF 
1 
Restart Address 
(LSB) 


6 
IX+Offset 
0 
New Operand 
Data 


7 
Op Code Address+3 
1 
Next Op Code 


@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Address 
Mode & 
Instructions 


JMP 
1 
Op Code Address+ 
1 
1 
Jump Address 
(MSB) 
3 
2 
Op Code Address+2 
1 
Jump Address 
(LSB) 


3 
Jump Address 
1 
Next Op Code 
ADC 
ADD 
TST 
1 
Op Code Address+1 
1 
Address 
of Operand 
(MSB) 


AND 
BIT 
4 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 


CMP 
EOR 
3 
Address 
of Operand 
1 
Operand 
Data 
LDA 
ORA 
4 
Op Code Address+3 
1 
Next Op Code 
SBC 
SUB 


STA 
1 
Op Code Address+ 
1 
1 
Destination 
Address 
(MSB) 


4 
2 
Op Code Address+2 
1 
Destination 
Address 
(LSB) 


3 
Destination 
Address 
0 
Accumulator 
Data 


4 
Op Code Address+3 
1 
Next Op Code 
ADDD 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 


CPX 
LDD 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 
LOS 
LDX 
5 
3 
Address 
of Operand 
1 
Operand 
Data (MSB) 
SUBD 
4 
Address 
of Operand + 1 
1 
Operand 
Data (LSB) 


5 
Op Code Address+3 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
Destination 
Address 
(MSB) 


STX 
2 
Op Code Address+2 
1 
Destination 
Address 
(LSB) 


5 
3 
Destination 
Address 
0 
Register Data (MSB) 


4 
Destination 
Address+ 
1 
0 
Register Data (LSB) 


5 
Op Code Address+3 
1 
Next Op Code 
JSR 
1 
Op Code Address+ 
1 
1 
Jump Address 
(MSB) 


2 
Op Code Address+2 
1 
Jump Address 
(LSB) 


6 
3 
FFFF 
1 
Restart Address 
(LSB) 


4 
Stack Pointer 
0 
Return Address 
(LSB) 


5 
Stack Pointer-1 
0 
Return Address 
(MSB) 


6 
Jump Address 
1 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+1 
1 
Address 
of Operand 
(MSB) 


COM 
DEC 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 


INC 
LSR 
6 
3 
Address 
of Operand 
1 
Operand 
Data 
NEG 
ROL 
4 
FFFF 
1 
Restart Address 
(LSB) 
ROR 
5 
Address 
of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 
CLR 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 


2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 


5 
3 
Address 
of Operand 
1 
Operand 
Data 


4 
Address 
of Operand 
0 
00 
5 
OJ) Code Address+3 
1 
Next Op Code 
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Address 
Mode 
& 
Instructions 


ABA 
ABX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


ASL 
ASLD 


ASR 
CBA 


CLC 
CLI 
CLR 
CLV 


COM 
DEC 
DES 
DEX 
INC 
INS 


INX 
LSR 
1 


LSRD 
ROL 


ROR 
NOP 


SBA 
SEC 


SEI 
SEV 
TAB 
TAP 


TBA 
TPA 


TST 
TSX 
TXS 
DAA 
XGDX 
2 
1 
Op Code Address+1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
PULA 
PULB 
1 
Op Code Address+1 
1 
Next Op Code 
3 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
3 
Stack 
Pointer + 1 
1 
Data from 
Stack 


PSHA 
PSHB 
1 
Op Code Address+ 
1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Accumulator 
Data 
4 
Op Code Address+ 
1 
1 
Next Op Code 


PULX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
3 
Stack 
Pointer + 1 
1 
Data from 
Stack 
(MSB) 
4 
Stack 
Pointer + 2 
1 
Data from 
Stack 
(LSB) 


PSHX 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack 
Pointer 
0 
Index 
Register 
(LSB) 


4 
Stack 
Pointer-1 
0 
Index 
Register 
(MSB) 


5 
Op Code Address+ 
1 
1 
Next Op Code 


RTS 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
5 
3 
Stack 
Pointer + 1 
1 
Return 
Address 
(MSB) 
4 
Stack 
Pointer + 2 
1 
Return 
Address 
(LSB) 


5 
Return 
Address 
1 
First Op Code of Return Routine 


MUL 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
3 
FFFF 
1 
Restart 
Address 
(LSB) 
7 
4 
FFFF 
1 
Restart 
Address 
(LSB) 
5 
FFFF 
1 
Restart 
Address 
(LSB) 
6 
FFFF 
1 
Restart 
Address 
(LSB) 


7 
FFFF 
1 
Restart 
Address 
(LSB) 
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Address 
Mode 
& 


Instructions 


WAI 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return 
Address 
(LSB) 


4 
Stack 
Pointer-1 
0 
Return Address 
(MSB) 


9 
5 
Stack 
Pointer - 2 
0 
Index Register 
(LSB) 


6 
Stack 
Pointer - 3 
0 
Index 
Register 
(MSB) 


7 
Stack 
Pointer - 4 
0 
Accumulator. 
A 


8 
Stack 
Pointer - 5 
0 
Accumulator 
B 


9 
Stack 
Pointer - 6 
0 
Conditional 
Code Register 


RTI 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
+1 
1 
Conditional 
Code 
Register 


4 
Stack 
Pointer + 2 
1 
Accumulator 
B 


10 
5 
Stack 
Pointer + 3 
1 
Accumulator 
A 


6 
Stack 
Pointer +4 
1 
Index 
Register 
(MSBI 


7 
Stack 
Pointer+5 
1 
Index 
Register 
(LSB) 


8 
Stack 
Pointer+6 
1 
Return 
Address 
(MSB) 


9 
Stack 
Pointer + 7 
1 
Return 
Address 
(LSB) 


10 
Return Address 
1 
First Op Code of Return Routine 
SWI 
1 
Op Code Address+1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return Address 
(LSB) 


4 
Stack 
Pointer 
- 
1 
0 
Return Address 
(MSB) 


5 
Stack 
Pointer - 
2 
0 
Index Register 
(LSB) 


12 
6 
Stack Pointer 
- 
3 
0 
Index Register 
(MSB) 


7 
Stack 
Pointer 
- 
4 
0 
Accumulator 
A 


8 
Stack 
Pointer - 
5 
0 
Accumulator 
B 


9 
Stack 
Pointer 
- 
6 
0 
Conditional 
Code Register 


10 
Vector 
Address 
FFFA 
1 
Address of SWI Routine (MSB) 


11 
Vector 
Address 
FFFB 
1 
Address of SWI Routine (LSB) 


12 
Address 
of SWI 
Routine 
1 
First Op Code of SWI Routine 
SLP 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


1 


FFFF 
High Impedance-Non MPX Mod 


4 


j 


Address 
Bus -MPX 
Mode 
Sleep 


j 
I 
3 
FFFF 
Restart 
Address 
(LSB) 


4 
Op Code Address+l 
Next Op Code 
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BCC 
BCS 
1 
Op Code Address+ 
1 
! 
1 
Branch Offset 


BEQ 
BGE 
3 
2 
FFFF 
I , 
Restart Address (LSB) 


BGT 
BHI 
3 
(BranChAddress·..···Test=·'.. 
I 
1 
First Op Code of Branch Routine 
BLE 
BLS 
OpCodeAddress+'···Test=·O" 
Next Op Code 


BLT 
BMT 
BNE 
BPL 
BRA 
BRN 
BVC 
BVS 
BSR 
1 
Op Code Address+ 
1 
1 
Offset 
2 
FFFF 
1 
Restart Address (LSB) 


5 
3 
Stack Pointer 
0 
Return Address (LSB) 


4 
Stack Pointer-1 
0 
Return Address (MSB) 


5 
Branch Address 
1 
First Op Code of Subroutine 


• 
LOW POWER 
CONSUMPTION 
MODE 


The HD6303R has two low power consumption modes; sleep 


and standby mode. 


• 
SleepMode 
On execution 
of SLP instruction, 
the MPU is brought to the 
sleep mode. 
In the sleep mode, the CPU stops its operation, 
but the contents of the registers in the CPU are retained. In this 
mode, the peripherals of CPU will remain active. So the opera- 
tions such as transmit and receive of the SCI data and counter 
may keep in operation. 
In this mode, the power consumption 


is reduced to about 1/6 the value of a normal' operation. 


The escape from this mode can be done by interrupt, 
RES, 


'STBY. The RES' resets the MPU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt 
routine. When the CPU has masked the interrupt, 


after recovering from the sleep mode, the next instruction 
of 
SLP starts to execute. 
However, in such a case that the timer 


interrupt 
is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt 
request to the 
CPU. 


~ 
I 
I 
I 
I 


~ST6'~ 
r: 


II 
~: 
I 
I 
I 
I 


I<---ot 
t----I 
~~I,',:~~I 
"m. 
~ 


restarl 


This sleep mode is available to reduce an average power 


consumption 
in the applications 
of the HD6303R which may 


not be always running . 


• 
St.ndby Mode 
Bringing 'STBY 
"Low", 
the 
CPU becomes 
reset and all 


clocks 
of the 
HD6303R 
become 
inactive. 
It goes into the 


standby mode. This mode remarkably 
reduces the power con- 


sumptions of the HD6303R. 


In the standby mode, if the HD6303R is continuously 
sup- 


plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 


First, ~ 
routine stacks the CPU's internal information and 


the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. 
The system recovery may be 


possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 21. 
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• 
ERROR 
PROCESSING 


When the 
HD6303R 
fetches 
an undefmed 
instruction 
or 


fetches an instruction 
from unusable memory area, it generates 


the highest priority internal interrupt, 
that may protect 
from 


system upset due to noise or a program error, 


• 
Op-Code Error 
Fetching an undefmed op-code, the HD6303R will stack the 


CPU register as in the case of a normal interrupt 
and vector to 
the TRAP (SFFEE, SFFEF), that has a second highest priority 
(RES is the highest). 


• 
Addr_ 
Error 


When an instruction 
is fetched from other than a resident 


RAM, or an external 
memory area, the CPU starts the same 


interrupt 
as op-code error. In the case which the instruction 
is 


fetched from external memory area and that area is not usable, 
the address error can not be detected. 
The address which cause address error are shown in Table 


13. 


11Iis feature is applicable only to the instruction fetch, not to 


normal read/write of data accessing. 


Transitions 
among 
the active mode, sleep mode, standby 


mode and reset are shown in Figure 22. 


Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25. 


Figure 22 
Transitions 
among Active 
Mode, Standby 
Mode, 
Sleep Mode, and Reset 
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1-1 


VECTORIN 


A 
FFFE·FFFF 


PCl- 
MSP 


PCH - 
Msp·1 
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• 
PRECAUTION 
TO THE 
BOARD 
DESIGN OF OSCILLA· 


TlON 
CIRCUIT 


As shown in Fig. 26, there is a case that the cross talk dis· 


turbs 
the 
normal 
oscillation 
if signal lines are put near the 


oscillation 
circuit. When designing a board, 
pay attention 
to 


this. Crystal and CL must be put as near the HD6303R 
as 


possible. 


r20mmmax-j 


Do not use this kind of print board design. 


Figure 26 
Precaution to the boad design 
of oscillation circuit 


• 
PIN CONDITIONS 
AT 
SLEEP AND 
STANDBY 
STATE 


• 
Sleep State 
The conditions of power supply pins, clock pins, input pins 


and E clock pin are the same as those of operation. 
Refer to 


Table 14 for the other pin conditions. 


• 
Standby State 
Only power supply 
pins and "STHY are active. As for the 
clock pin EXTAL, its input is fIxed internally 
so the MPU is 
not influenced by the pin conditions. XTAL is in "I" output. 
All the other pins are in high impedance. 


~e 
Non Multiplexed Mode 
Multiplexed Mode 
Pin 


Function 
I/O Port 
I/O Port 


P.o - P,. 
Condition 
Keep the condition just before sleep 
-- 
AO/PIO- 
Function 
Address Bus (Ao- A,) 
I/O Port 


A,/P17 
Condition 
Output "," 
Keep the condition just before sleep 


A. - A" 
Function 
Address Bus (AB - A,,) 
Address Bus (A. - A,,) 


Condition 
Output "," 
- 
Do/Ao - 
Function 
Data Bus (Do -D,) 
E: Address Bus (Ao-A,), 
E: Data Bus 
D,/A, 
Condition 
High Impedance 
E: Output "''', 
E: High Impedance 


RIW 
Function 
R/W Signal 
R/W Signal 


Condition 
Output "," 
-- 
AS 
- 
Output AS 
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~e 
Non-Multiplexed 
Mode 
Multiplexed 
Mode 
Pin 


P,0 - 
P,4 
High Impedance 
· 


Ao/PIO 
- 
A7/P" 
High Impedance 
· 


As -Als 
High Impedance 
· 


E: 
","Output 
DolAo 
- 
D7/A7 
High Impedance 
E : "'" 
Output 
1N0 •• l 


(High Impedance) 


RIW 
"1" Output 
· 


AS 
E: 
"1" Output 
· 
E : High Impedance 


(Note) 
In the multiplexed 
mode. the data bus is set to "'" 
output 
state during E = "'" 
and it causesthe conflict 
with the output of 


external memory. Following 1 and 2 should be done to avoid the conflict; 
(1) 
Construct 
the system 
that 
disables 
the external 
memory 
during 
reset. 


(2) 
Add 
4.7 kn 
pull·down 
resistance to the AS pin to make AS pin "0" 
level during 
E = ",", 
This operation makes the 


data 
bus high impedance 
state. 


• 
DIFFERENCE 
BETWEEN 
HD6303 
AND 
HD6303R 


The HD6303R 
is an upgraded 
version 
of the HD6303. 
The 


difference 
between 
HD6303 
and HD6303R 
is shown 
in Table 
16. 


• 
RECEIVE 
MARGIN 
OF 
THE 
SCI 
Receive 
margin 
of 
the 
SCI 
contained 
in 
the 
HD6303R 
is 


shown 
in-Table 
17. 
Note: 
SCI = Serial Communication 
Interface 


Item 
HD6303 
HD6303R 


Operating 
Mode 
2: Multiplexed 


Mode 2: Not defined 
Mode 
Mode 
(Equivalent 
to Mode 4) 


Electrical 
The electrical 
character- 
Some 
characteristics 


Character- 
istics of 2MHz 
version 
are improved. 


isties 
(B version) 
are not spec- 
The 2MHz 
version 
is 
ified. 
guaranteed. 


Has problem 
in output 


Timer 
compare 
function. 
The 
problem 
is solved. 
(Can be avoided 
by soft- 


ware.) 


Table 
17 


Bit distortion 
tolerance 
(t-to) 
Ito 


±37.5% 


Character 
distortion 
tolerance 
(T-To) 
ITo 


+3.75% 
-2.5% 


• 
APPLICATION 
NOTE 
FOR 
HIGH 
SPEED 
SYSTEM 
and 
high 
noise 
immunity 
are generally 
considered 
to be enough 


DESIGN 
USING 
THE 
HD6303R 
with 
simply 
designed 
power 
source 
and the GND line. 


This 
note 
describes 
the 
solutions 
of 
the 
potential 
problem 
But 
this 
does 
not 
apply 
to 
the 
applications 
configured 
of 
caused 
by 
noise 
generation 
in the 
system 
using 
the 
HD6303R. 
high 
speed 
system 
or of high 
speed 
parts. 
Such 
high 
speed 
sys- 
The 
CMOS 
ICs and LSls featured 
by low power 
consumption 
tem 
may 
have a chance 
to work 
incorrectly 
because 
of the noise 
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by 
the 
transient 
current 
generated 
during 
switching. 
One 
of 


example 
is a system 
in which 
the 
HD6303R 
directly 
accesses 
high 
speed 
memory 
such 
as the 
HM6264. 
The 
noise 
generation 


owmg 
to 
the 
over 
current 
(Sometimes 
it 
may 
be 
several 


hundreds 
mA 
for peak 
leveL) 
during 
switching 
may 
cause 
data 


wri te error. 


This 
noise 
problem 
may 
be observed 
only 
at the 
Expanded 


Mode 
(Mode 
I, 2,4, 
5 and 6) of the HD6303R. 


I. 
Noise Occurrence 
If the 
HD6303R 
is connected 
to 
high 
speed 
RAM, 
a write 


error 
may 
occur. 
As shown 
in Fig. 28, the noise 
is generated 
in 
address 
bus 
during 
write 
cycle 
and 
data 
is written 
into 
an unex- 
pected 
address 
from 
the 
HD6303R. 
This 
phenomenon 
causes 


random 
failures 
in 
systems 
whose 
data 
bus 
load 
capacitance 
exceeds 
the 
specification 
value 
(90 pF max.) 
and/or 
the 
impe- 
dance 
of the GND line is high. 


E 
\ 
/ 
\ 


AS 
/ 
\ 
I 


R/W 
\ 
/ 


A.-A.s 
X 
A"---- 
Noise 
X 


Do -- 01 
< 
--u'X 
>- 


Fig. 28 Noise Occurrence in address bus during write cycle 


If the 
data 
bus 
Do - 
D7 
changes 
from 
"FF" 
to "00", 
ex- 


tremely 
large 
transient 
current 
flows 
through 
the 
GND 
line. 
Then 
the noise 
is generated 
on 
the 
LSI's V$ pins proportioning 


to the 
transient 
current 
and to the impedance 
[Zg) 
of the GND 


line. 


This 
noise 
level. 
Vn. 
appears 
on all output 
pins 
on the 
LSI 


induding 
the address 
bus. 


Fig. 
30 shows 
the 
dependency 
of the 
noise 
voltage 
on the each 


parameter. 


Vn: 
Noise Voltage 
29: 
GND Impedance 


Cd: 
Data bus load capaCitance 


N: 
Number of data bus lines switching from H to L 


II. Noise Protection 


To 
avoid 
the 
noise 
on 
the 
address 
bus 
during 
the 
system 
operation 
mentioned 
before. 
there 
are two solutions 
as follows: 
The 
one method 
is to isolate 
the 
HD6303R 
from 
peripheral 
devices 
so that 
peripherals 
are 
not 
affected 
by 
the 
noise. 
The 


other 
is to reduce 
noise 
level to the extent 
of not affecting 
peri- 
pherals 
using analog 
method. 
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1. 
Noise 
Isolation 
Addresses 
should 
be 
latched 
at 
the 
negative 
edge 
of 
the 


AS signal 
or at the positive 
edge 
of the 
E signal. 
The 74LS373 
is often 
use d in this case. 


2. Noise 
Reduction 
As the 
noise 
level 
depends 
on each 
parameter 
such 
Cd, Vcc, 


Zg, the 
noise 
level can be reduced 
to the allowable 
level by con- 


trolling 
those 
analog 
parameters. 
(a) 
Transient 
Current 
Reduction 
(I) 
Reduce 
the 
data 
bus load 
capacitance. 
If large 
load 
capacitance 
is expected, 
a bus buffer 
should 
be in- 
serted. 
(2) 
Lower 
the 
power 
supply 
voltage 
Vcc within 
specifi- 
cation. 
(3) 
Increase 
a time 
constant 
at transient 
state 
by insert- 


ing a resistor 
(100 
- 
200n) 
to Data 
Buses 
in series 


to keep noise 
level down. 
Table 
18 shows 
the 
relationship 
between 
a series 


resistor 
and 
noise 
level 
or 
a resistor 
and 
DCI AC 
characteristics. 


Resistor 


Item 
No 
lOOn 
200n 


Noise 
Voltage 
Level 
See Fig. 31 


DC Char.acteristics 
IOL 
1.6mA 
1.6 mA 
1.0mA 


f - 1 MHz 
No change 


AC 
tADL 
190 ns 
190 ns 
210 ns 
Charac- 
f = 1.5 MHz 
tACCM 
395 ns 
395 ns 
375 ns 
teristics 


tADL 
160 ns 
180 ns 
200 ns 


f = 2 MHz 
tASL 
20 ns 
20 ns 
o ns 


tACCM 
270 ns 
250 ns 
230 ns 


Fig. 
31 
shows 
an example 
of 
the 
dependency 
of 
the 
noise 


voltage 
on the load capacitance 
of the data bus.' 


~ 


Maximum allowed 
) 
load capacitance 
of 
the H D6303R 


Cd:: 90 pF 
specification 


* 


Ycc·5.0Y 
Ta • 25°C 
2g - a 
N-S 
c> 
~ 1.0 


(5 
> 
illo2 
0.5 


50 
100 


Data bus 
load capacitance 
Cd 
[pF] 


-Note: 
The 
value 
of series resistor should be carefully 
selected because 


it 
heavily 
depends 
on 
each 
parameter 
of 
actual 
application 


system. 
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(b) 
Reduction 
of GND line impedance 


(I) 
Widen 
the GND line width 
on the PC board. 


(2) Place 
the HD6303R 
close by power 
source. 


(3) 
Insert 
a bypass 
capacitor 
between 
the VCC line and 
the 
GND 
of 
the 
HD6303R. 
A tantalum 
capacitor 
(about 
O.IIlF) 
is effective 
on the reduction. 
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HD6303X, HD63A03X, 
HD63B03X 
CMOS MPU (Micro Processing Unit) 


The HD6303X 
is a CMOS g·bit micro 
processing unit (MPU) 


which 
includes 
a CPU 
compatible 
with 
the 
HD6301Vl, 
192 


bytes 
of 
RAM, 
24 parallel 
I/O 
pins, a Serial Communication 


Interface 
(SCI) and two timers on chip. 


• 
FEATURES 
• 
Instruction 
Set Compatible 
with 
the HD6301Vl 


• 
192 Bytes of RAM 
• 
24 Parallel I/O Pins 
16 I/O Pins-Port 2, 6 
B Input 
Pins-Port 5 
• 
Darlington 
Transistor 
Drive (Port 2, 6) 


• 
16-Bit Programmable 
Timer 


Input Capture 
Register x 1 


Free Running 
Counter 
x 1 


Output 
Compare 
Register x 2 


• 
B·Bit Reloadable Timer 
External 
Event Counter 
Square Wave Generation 


• 
Serial Communication 
Interface 


• 
Memory 
Ready 


• 
Halt 
• 
Error·Detection 
(Address Trap, Op-Code Trap) 


• 
Interrupts 
... 
3 External, 
7 Internal 


• 
Up to 65k Bytes Address Space 


• 
Low Power Dissipation 
Mode 


Sleep Mode 
Standby 
Mode 
• 
Minimum 
Instruction 
Execution 
Time 
-0.5I1S 


(f = 2.0 MHz) 


• 
Wide Range of Operation 
Vcc = 3 - 
6V 
(f = 0.1 - 
0.5 MHz). 


[ 


f = 0.1 - 
1.0 MHz; HD6303X 


Vcc = 5V±10% 
f = 0.1 - 
1.5 MHz; HD63A03X 


f = 0.1 - 
2.0 MHz; HD63B03X 


HD6303XP, 
HD63A03XP, 


HD63B03XP 


HD6303XF, 
HD63A03XF, 


HD63B03XF 


• 
PIN ARRANGEMENT 
• 
HD6303XP, 
HD63A03XP, 
• 
HD6303XF, 
HD63A03XF, 
HD63B03XF 


HD63B03XP 


v. 
0 0 
E 


XTAL 
1m 


EXTAl 
3 
VI!! 
MP, . 
0 R/W 
M', 
CiI! 
NMi 
RES 
a 
.A 
NC , 
SfiY , 
0, 


NC , 


N!ii 
a 
0, 
NC 
p •• . 
0, 


p •• , 
P" 
0 
0, 


P" · 


Pn 
11 
D. 


P" 
PH 
1 
0, 


P" · 
Pu 
, 
2 D. 
P" · 
Pn 
' 
00, 


PI. 
I 
A, 
P" " 
p •• " 
p •• 
' 
A, 


P" " 
Pit' 
A, 


P" 
0 
A, 
NC " 
Pil' 
A. 
p •• .. 


P" 
A, 
P" " 
Pu 
21 
A. 
P" " 
P" 
A, 
P" " 


p •• 2 
V•• 
P" " 
p•• 
0 A, 
P" .. 


P" 
A, 
p •• 


P" 
A" 


p •• " 
P" , 
3 
A" 
NC 


P" 
1 An 
NC " 
P" 
Au 
NC .. 


P" 
A•• 


P" 
0 
Au 


p •• 
V" 
(Top View) 


I~~~~~ 
., , 
~ 
~~w~II~~13~o 


~!JIIllE:~mmJl;:.JI]'lJOOl!J'l!ll!rnJ" [lll[llJ-J 
~~,E~~~~':~';.i.i.iiJ.( 
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P2o(Tin) 


P2,(Tout1) 


P22(SCLK) 


P23(Rx) 


P24(Tx) 


P2s(Tout2) 


P26(Tout3) 
P27(TcLK) 


Pso(iROI 
Psd~ 


PS2(M 
PS3(R"ACf 


vss 
rl°1 1111111 
r 
vss 


·1 
oa: 
-J 
-J 
faW~I~~ 
~ 
~ 
NO 
•.... 
a:: ~ 
~...JCD 
ll. 0 
X 
X 
c::;-- 
w 
CPU 
~ 
a: 


°l%a: I~ 


'---- 


~ 0 
~ 
00 
a:a:a::;;r 
N 
~ 


e 
I 
- 
ll. 
~ 


- 
- 
- 
f-- 


'- 
~ 
~ I--- 
:J 
- 
~ 
a:> f-- 
'-- 
:;; 
on 


E 
:J f-- 
.= 


V 
a:> 
~ I--- 
'" I--- 
0 
f-- 


L- 
. 
- 
- 
U 
(/) 
- 
, 
- 
~ - 


N 
- 
:J - 
a:> 
:;; 
. 
on - 
E 
:J 
.= 
a:> >-- 
I 
on 
" 
. 
on~ f--- 


on 
"tl 
I---- 
- 
:> 
V 
"tl 
!Xl 
« 
.• 
I---- 
I) 
.•" 
2) 
U 
- 
" 
R) 
~ 
- 


LT) 
'" 
>-- 


P'4 
e 
£ >-- 
ll. 


P" 
:J 
I---- 


a:> 
p,. 
:; f--- 


a:> 
f--- 
P" 
on.. >-- 
L....-- 
~ 
"tl 
I---- 
"tl 


A 
« 
f--- 
p.O- 
P.,- 
l: 
- 
" 
p.,- 
a: 
0 


p.,- 
<D 
0 


p.4- 
e 
<D 
ll. 


p.S- 
e 
RAM 
ll. 


p••- 
192 Bytes 


p.,- 
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RD 


WR 


RiW 


L1R 


SA 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3-+7.0 
V 


Input Voltage 
Vin 
-0.3 - 
V cc+0.3 
V 


Operating Temperature 
Topr 
0-+70 
°c 


Storage Temperature 
Tstg 
-55-+150 
°c 


(NOTE I 
T~is product 
has protection 
circuits in input terminal 
from high static electricity 
voltage and high electric field. 
But be careful not to apply overvoltage 
more than maximum 
ratings to these high input impedance protection 


circuits. To assure the normal operation, 
we recommend 
Vin• Vout: 
VSS ~ (Vin or Vout) 
~ Vcc . 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc = 5.0V±10%, Vss = OV, Ta = 0-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES,STBY 
Vcc-0.5 
- 


Input "High" 
Voltage 
EXTAL 
V1H 
VccxO.7 
- 
Vcc 
V 
+0.3 
Other Inputs 
2.0 
- 


Input "low" 
Voltage 
All Inputs 
V1L 
-0.3 
- 
0.8 
V 


Input leakage Current 
NMI, RES, STBY, 
IIin I 
Vin = 0.5-Vcc-0.5V 
- 
- 
1.0 
J1.A 
MPo, MP" 
Port 5 


Three State (off-state) 
Ao-A" 
, 00-0" 
RD, 
IITsd 
Vin = 0.5-Vcc-0.5V 
- 
- 
1.0 
J1.A 
leakage Current 
WR, R/W,Port 
2,Port 6 


IOH - -200J1.A 
2.4 
- 
- 
V 
Output 
"High" 
Voltage 
All Outputs 
VOH 
IOH - -10J1.A 
Vcc-0.7 
V 
- 
- 


Output 
"low" 
Voltage 
All Outputs 
VOL 
IOL = 1.6mA 
- 
- 
0.4 
V 


Darlington 
Drive 
Ports 2, 6 
-loH 
Vout = 1.5V 
1.0 
- 
10.0 
mA 
Current 


Input Capacitance 
All Inputs 
Gin 
Vin = OV, f = lMHz, 
- 
- 
12.5 
pF 
Ta = 25°C 


Standby Current 
Non Operation 
ISTB 
- 
3.0 
15.0 
J1.A 


Sleeping (f = lMHz"") 
- 
1.5 
3.0 
mA 


ISLP 
Sleeping (f = 1.5MHz"") 
- 
2.3 
4.5 
mA 


Current 0 issipation" 
Sleeping (f = 2MHz"") 
- 
3.0 
6.0 
mA 


Operating (f = 1MHz"") 
- 
7.0 
10.0 
mA 


Icc 
Operating (f = 1.5MHz"") 
- 
10.5 
15.0 
mA 


Operating (f = 2MHz"") 
- 
14.0 
20.0 
mA 


RAM Standby Voltage 
VRAM 
2.0 
- 
- 
V 


• V IH min ""V CC -1.0V. 
V IL m8X 
:::O.8V 
. All 
output 
terminals 
are at no load . 


•• Current 
Dissipation 
of the operating or sleeping condition 
is proportional 
to the operating 
frequency. 
So the typo or max. 
values about Current 
Dissipations at x MHz operation 
are decided according to the following 
formula; 


typo value 
If = x MHz) 
= typo value 
(f = 1MHz) 
x x 


max. value 
If = x MHz) 
= max. value 
If = 1MHzl 
x x 


(both the sleeping and operating) 
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Test 
HD6303X 
HD63A03X 
HD63B03X 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
IJ.S 


Enable Rise Time 
tE, 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Fall Time 
tEf 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Pulse Width 
"High" 
Level" 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Level" 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address, RIWDeiay 
Time" 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Data Delay Time 
I Write 
tDDW 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Set-up Time 
I Read 
tDSR 
80 
- 
- 
70 
- 
- 
70 
- 
- 
ns 


Address. RIW Hold Time" 
Fig. 1 
80 
50 
35 
tAH 
- 
- 
- 
- 
- 
- 
ns 
I Write" 
tHW 
80 
- 
- 
50 
- 
- 
40 
- 
- 
ns 
Data Hold Time 


I Read 
tHR 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 


RD, WR Pulse Width" 
PWRW 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


RD, WR Delay Time 
tRWD 
- 
- 
40 
- 
- 
40 
- 
- 
40 
ns 


RD, WR Hold Time 
tHAW 
- 
- 
30 
- 
- 
30 
- 
- 
25 
ns 


Lffi 
Delay Time 
tOLA 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


L1R Hold Time 
tHLR 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


MR Set·up Time" 
tSMR 
400 
- 
- 
280 
- 
- 
230 
- 
- 
ns 


MR Hold Time" 
tHMR 
Fig.2 
- 
- 
90 
- 
- 
40 
- 
- 
0 
ns 


E Clock Pulse Width 
at MR 
PWEMR 
- 
- 
9 
- 
- 
9 
- 
- 
9 
IJ.S 


Processor Control 
Set·up Time 
tpcs 
Fig. 3. 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
10.11 


Processor Control 
Rise Time 
tpcr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


Processor Control 
Fall Time 
Fig. 2, 3 
100 
100 
100 
tpCf 
- 
- 
- 
- 
- 
- 
ns 


BA Delay Time 
teA 
Fig.3 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Oscillator 
Stabilization 
Time 
tRC 
Fig.ll 
20 
- 
- 
20 
- 
- 
20 
- 
- 
ms 


Reset Pulse Width 
PWRST 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tCYC 


Test 
HD6303X 
HD63A03X 
HD63B03X 
Item 
Symbol 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral 
Data 
Ports 2. 5, 6 
tposu 
Fig.5 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Set-up Time 


Peripheral 
Data 
Ports 2, 5, 6 
tpDH 
Fig.5 
200 
- 
- 
200 
- 
- 
200 
Hold Time 
- 
- 
ns 


Delay Time (Enable 
I 


Negative Transition 
to 
Ports 2, 6 
tPWD 
Fig.6 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
Peripheral 
Data Valid) 
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Test 
HD6303X 
HD63A03X 
HD63B03X 
Unit 
Item 
Symbol 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
tvp 
max 


Timer 
1 Input 
Pulse Width 
tpwT 
Fig. B 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Delay Time (Enable Positive 


tTOD 
Fig.7 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer 
Output) 


SCI Input 
I 
Async. Mode 
Fig. B 
1.0 
- 
- 
1.0 
- 
- 
1.0 
- 
- 
tCyc 


Clock Cycle 
I 
Clock Sync. 
tScyC 
Fig. 4, 8 
2.0 
- 
- 
2.0 
2.0 
tCYC 


SCI Transmit 
Data Delay 
tTXD 
- 
- 
200 
- 
- 
200 
- 
- 
200 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Set·up 
tSRX 
Fig.4 
290 
- 
- 
290 
- 
- 
290 
- 
- 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
(Clock Sync. Mode) 


SCI Input 
Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tsCYC 


Timer 2 Input 
Clock Cycle 
ttCyc 
2.0 
- 
- 
2.0 
- 
- 
2.0- 
- 
- 
tCYC 


Timer 2 Input 
Clock Pulse 
tPWTCK 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Width 
Fig.8 


Timer 
1-2, SCI Input Clock 
tCKr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Rise Time 


Timer 
1-2, SCI Input Clock 
tCKf 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Fall Time 
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\ 
\ 
\'----- 
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Last Instruction 
Execution 
Cycle 
I 


I MPUWrite 


P,o-P" 
P60-P6l 


(Outputs) 
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P", P" 
Outputs --------_ 


•• Timer 1; tPWT 


Timer 
2; tPWTCK 
SCI 
; IPWSCK 


Vcc 


1Fi 


Rl=2.2kQ 


Test Point 
152074181 


C 
R 
or Equiv. 


C =90pF for Do-D7, 
Ao-A, 
S, E 


=30pF for Port 2, Port 6, RD, WR, R/W, 
SA, DR 


R=12kQ 


Op Code Op Code 
FFFF 
SP 
SP·l 
SP·2 
SP-J 
SP·4 
SP·5 
SP·6 
Vector 
Vector 
New 


Address 
Address + 1 
MS8 
lS8 
PC 


Address 
Address 
Address 


t,cs 


op 
Operand 
Irrelevant 
PCO- 
PC8- 
IXO- 
IX8- 
ACCA 
ACee 
CCR 
Vector 
Vector 
Flrsl 
Inst 
01 
Code 
Op Code Data 
PC7 
pelS 
'X7 
IX15 
MS8 
lS8 
Interrupt 
Routine 


\ 
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UUUUl+~~ 


"e' 
,.::iL~Y'o,v 


vcc -Q!Jv 


osv 
>------<-1 
------ 


._ 
U U l) U 


--5.SV 


4.5V 


~,.'""-)\\~\\\\\\\\\\~\\~\\\ 


~"""_n\\\\\\\\\\\\\\\\\\\\\\ 


'eN _~\\\\\\\%\\\\\\\\\\\1 


"" _~\\\\\\\\\\\\\"\~\\\f 


w•• 
:M\\\\\\§\\~\\~\\\\V 


\~~I 


'--v-Lr\J'~~1 


i~~JJ 


g::•• 
\\\\%\W\\\\\\\\\\\\\\\\\ ••.••.. ------o-o--o;••. 
--.{>-' 
------ 
PCB - 
pea - 
First 


pe15 
PC7 
Instruction 


• 
FUNCTIONAL PIN DESCRIPTION 


• 
VCC, Vss 
Vcc and Vss provide power to the MPU with 5V±10%sup· 


ply. In the case of low speed operation (fmax = 500kHz), the 
MPU can operate with three through six volts. Two Vss pins 
should be tied to ground. 


• 
XTAL,EXTAL 
These two pins interface with an AT·cut parallel resonant 


crystal. Divide·by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is IMHz for example. 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
Rs=60Q 
max 


CL1 =C" 
= 10pF-22pF· 
200,;, 


13.2 - 8MHz) 


-J-C"J-CLl 


EXTAL pin can be drived by the .external clock of 45 to 


55% duty, 
and one fourth 
frequency 
of the external 
clock 


is produced 
in the LSI. The external clock frequency 
should 


be less than four times of the maximum operable frequency. 
When using the external 
clock, XTAL pin should be open. 


Fig. 12 shows an example of the crystal interface. The crystal 
and CLI , CL2 should be mounted as close as possible to XTAL 


and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 


• STBY 
This pin makes the MPU standby mode. In "Low" level, the 


oscillation 
stops and the internal clock is stabilized to make 


reset condition. 
To retain the contents 
of RAM at standby 


mode, 
"0" 
should be written 
into RAM enable bit (RAME). 


RAME is the bit 6 of the RAM/port 5 control register at $0014. 
RAM is disabled by this operation and its contents is sustained. 


Refer to 
"LOW POWER DISSIPATION 
MODE" for the 


standby mode. 


• 
Reset (RES) 
This pin resets the MPU from power OFF state and pro- 


vides a startup 
procedure. 
During power-on, 
RES pin must 


be held "Low" level for at least 20ms. 
The CPU registers (accumulator, index register, stack pointer, 


condition 
code register except 
for interrupt 
mask bit), RAM 


and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 


To reset the MPU during operation, 
RES should be held 


"Low" 
for at least 3 system-clock cycles. At the 3rd cycle 


during "Low" level, all the address buses become "High". When 
RES remains "Low", 
the address buses keep "High". 
If RES 


becomes "High", the MPU starts the next operation. 
(I) 
Latch the value of the mode program pins; MPo and MP,. 


(2) Initialize each internal register (Refer to Table 3). 
(3) Set the interrupt 
mask bit. For the CPU to recognize the 


maskable interrupts IRQ" 
IRQ, and IRQ" 
this bit should 


be cleared in advance. 


(4) Put the contents 
(= start address) of the last two addresses 


($FFFE, 
$FFFF) 
into the program counter 
and start the 


program from this address. (Refer to Table I). 


'The 
MPU is usable to accept a reset input until the clock 
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becomes nonnal oscillation after power on (max. 20ms). During 
tltis transient time, the MPU and I/O pins are undefined. Please 
be aware of tltis for system designing. 


• 
Enable (E) 
Tltis pin provides a TTL-eompatibIe system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. Tltis pin can drive one TTL load and 90pF 
capacitance. 


• 
Non-Maskable Interrupt 
(NMI) 


When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned 
below, the instruction 
being 


executed at NMI signal detection will proceed to its completion. 
The interrupt 
mask bit of the condition 
code register doesn't 


affect non-maskable interrupt at all. 


When starting the acknowledge to the NMI, the contents of 


the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt 
service routine. 


(Note) After reset start, the stack pointer should be initialized 


on an appropreate memory area and then the falling edge 


• 
Interrupt Request (IRO" 
IRQ,) 
These 
are 
level-sensitive 
pins 
which 
request 
an internal 
interrupt 
sequence to the CPU. At interrupt 
request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. 
Unless the 
interrupt 
mask in the condition 
code 
register is set, the CPU starts an interrupt 
sequence; if set, the 


interrupt 
request will be ignored. When the sequence starts, the 


contents 
of the program counter, 
index register, accumulators 
and condition 
code register will be saved onto the stack, then 
the CPU sets the interrupt 
mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table I and transfers their contents to the 
program counter and branches to the service routine. 


The CPU uses the external interrupt 
pins, IRQ, 
and IRQ" 


also as port pins Pso and PSI' so it provides an enable bit to 
Bit 0 and I of the RAM port 5 control register at $0014. Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 


When one of the internal interrupts, 
ICI, OCI, T01, CMI or 
SIO is generated, 
the CPU produces 
internal interrupt 
signal 
(IRQ,). 
IRQ, functions just the same as IRQ, or IRQ, except 
for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 


Vector 
Priority 
MSB 
LSB 
Interrupt 


Highest 
FFFE 
FFFF 
RES 
FFEE 
FFEF 
TRAP 
FFFC 
FFFD 
NMI 
FFFA 
FFFB 
SWI (Software Interrupt) 
FFF8 
FFF9 
IRQ, 


FFF6 
FFF7 
ICI 
(Timer 1 Input Capture) 
FFF4 
FFF5 
OCI (Timer 1 Output Compare 1,2) 


FFF2 
FFF3 
TOI (Timer 1 Overflow) 
FFEC 
FFED 
CMI (Timer 2 Counter Match) 
FFEA 
FFEB 
IRQ, 


Lowest 
FFFO 
FFFI 
SIO (RDRF+ORFE+TDRE) 
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Each 
Register's 
Interrupt 


Enable 
Flag 
"'''; 
Enable, 
"0"; Disable 


iRQ, 


IRQ, 


ICF 


OCFl 


OCF2 


TOF 
IRQ, 
CMF 


RORF 


ORFE 
TORE 


Condition 


Code 
Register 


I·MASK 


''O'';Enable 


"''';Disabl 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 


• 
Mode Program (MPo, MP,) 
To operate MPU. MPo pin should be connected 
to "High" 
level and MP, should be connected 
to "Low" 
level (refer to 


Fig. 15). 


• 
ReadlWrite (RtW) 
This signal, usually be in read state ("High"), shows whether 


the CPU is in read ("High") 
or write ("Low") 
state to the 


peripheral 
or memory 
devices. This can drive one TTL load 


and 30pF capacitance. 


• 
RD,WR 
These signals show active low outputs 
when the CPU is 
reading/writing 
to the peripherals 
or memories. This enables 


the CPU easy to access the peripheral LSI with RD and WR 
input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 


• 
Load Instruction Register (CIR) 
This signal shows the instruction 
opecode 
being on data 


bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 


• 
Memory Ready (MR; P,,) 
This is the input control signal which stretches the system 


clock's "High" 
period to access low-speed memories. During 


this signal is in "High", 
the system clock operates in normal 


sequence. But this signal in "Low", 
the "High" period of the 


system clock will be stretched 
depending on its "Low" 
level 


duration in integral multiples of the cycle time. This allows the 
CPU to interface with low·speed memories (see Fig. 2). Up to 
9 liS can be stretched. 


During internal 
address space access or nonvalid memory 


access, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as P S2, an enable 
bit is proVided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to "RAM/PORT 
5 CONTROL REGISTER" 
for 


more details. 


• 
Halt (HALT; P,,) 
This is an input control signal to stop instruction execution 


and to release buses. When this signal switches to "Low", 
the 


CPU stops to enter 
into the halt state after having executed 


the present 
instruction. 
When entering 
into the halt state, it 


makes BA (P.,.) "High" and also an address bus, data bus, RD, 
WR, R/W high impedance. 
When an interrupt 
is generated 


in the halt state, the CPU uses the interrupt 
handler after the 


halt is cancelled. 
(Note) Please don't 
switch the HALT signal to "Low" 
when 


the 
CPU executes 
the WAI instruction 
and is in the 


interrupt 
wait state to avoid the trouble 
of the CPU's 


operation after the halt is cancelled. 


• 
Bus Available (BA) 
This is an output 
control 
signal which is normally 
"Low" 


but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 
and HD6802 
make BA "High" and release the 


buses at WAI execution, 
while the HD6303X 
doesn't 
make 


BA "High" under the same condition. But if the HALT becomes 
"Low" when the CPU is in the interrupt wait state after having 
executed the WAI, the CPU makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 
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• 
PORT 
The HD6303X provides three I/O ports. Table 2 gives the 


address of ports and the data direction 
register and Fig. 14 


the block diagrams of each port. 


Port 
Port Address 
Data Direction Register 


Port 2 
$0003 
$0001 


Port 5 
$0015 
- 


Port 6 
$0017 
$0016 


• 
Port 2 
An 
8-bit 
input/output 
port. 
The data 
direction 
register 


(DDR) of port 2 controls the I/O state. It provides two bits; 
bit a decides the I/O direction of P20 and bit I the I/O direc- 
tion ofP" 
to P27 ("0" for input, "I" 
for output). 


Port 
2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except 
P20 automatically 
becomes an input or an output 
depending on their functions 
regardless of the data direction 
register's value. 


A reset clears the DDR of port 2 and configures port 2 as an 
input 
port. 
This port 
can drive one TTL and 30pF 
capaci. 
tance. In addition, it can produce 
1mA current 
when Vout 
I.5V to drive directly the base of Darlington transistors. 


• 
Port 5 
An 8·bit port for input only. The lower four bits are also 


usable as input pins for interrupt, MR and HALT. 


• 
Port 6 
An 8-bit I/O port. This port provides an 8-bit DDR corre- 


sponding to each bit and can specify input or output 
by the 


bit ("0" 
for input, "I" 
for output). 
This port can drive one 


TTL load and 30pF capacitance. A reset clears the DDR of port 
6. In addition, it can produce 
ImA current when Vout = I.5V 


to drive directly the base of Darlington transistors. 


• BUS 
• °0-°7 
These pins are data bus and can drive one TIL 
load and 


90pF capacitance respectively. 


• 
Ao-AIS 
These pins are address bus and can drive one TTL load and 


90pF capacitance respectively. 


• 
RAM/PORT 5 CONTROL REGISTER 
The 
control 
register 
located 
at 
$00 14 controls 
on-chip 


BitO, Bit 1 fRO;',IRQ2 
Enable Bit (IRQ,E,IRQ2El 


When using P,o and PSI as interrupt 
pins, write "I" 
in 


these bits. When "0", 
the 
CPU doesn't 
accept an external 


interrupt 
or a sleep cancellation 
by the 
external 
interrupt. 


These bits become "0" during reset. 


Bit 2 Memory Ready Enable Bit (MREI 


When using P'2 as an input for Memory Ready signal, write 
"I" 
in this bit. When "0". the memory ready function is pro- 


hibited 
and P'2 
can be used as I/O port. 
This bit becomes 
"I" 
during reset. 


Bit 3 Halt Enable bit (Hl TEl 
When using P" as an input for Halt signal, write "I" in this 
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bit. When "0", 
the halt function 
is prohibited and PS3 can be 


used as I/O port. This bit becomes "I" 
during reset. 


(Note) When using PS2 and PS3 as the input ports in mode I 


and 2, MRE and HLTE bit should be cleared just after 
the reset. 
Notice that memory ready and halt function is enable 
till MRE and HLTE bit is cleared. 


Bit 6 RAM Enable (RAME) 


On-chip RAM can be disabled by this control 
bit. By re- 


setting the MPU, "I" 
is set to this bit, and on-chip RAM is 


enabled. This bit can be written "I" 
or "0" by software. When 


RAM is in disable condition 
(= logic "0"), 
on-chip RAM is 


invalid and 
the 
CPU can read data from external 
memory. 
This bit should be "0" before getting into the standby mode to 
protect on-chip RAM data. 


RES 


STBY 
NMI 


Port 
2 


8 I/O lines 
Timer 
1. 2 


SCI 


Port 
5 


81RIT;~~-wITi 


MR, RACT 
Port 6 
81/0 
Lines 


Bit 7 Standby Power Bit (STBY PWR) 


When Vcc 
is not 
provided in standby 
mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby 
mode, 
V cc voltage is proVided during standby 


mode and the on-chip RAM data is valid. 


• 
MEMORY MAP 
The MPU can address up to 65k bytes. Fig. 16 gives memory 


map of HD6303X. 32 internal registers use addresses from "00" 
as shown in Table 3. 


Address 
Registers 
RIW*** 
Initialize at RESET 


00 
- 
- 


01 
Port 2 Data Direction Register 
W 
$FC 


02- 
- 
- 
- 


03 
Port 2 
RIW 
Undefined 
04- 
- 
- 
- 


05 
- 
- 
- 


06- 
- 
- 
- 


0]* 
- 
- 
- 


08 
Timer Control/Status 
Register 1 
RIW 
$00 


09 
Free Running Counter ("High") 
RIW 
$00 


OA 
Free Running Counter ("Low") 
RIW 
$00 


OB 
Output Compare Register 1 ("High") 
RIW 
$FF 


OC 
Output Compare Register 1 ("Low") 
RIW 
$FF 


00 
Input Capture Register ("High") 
R 
$00 


OE 
Input Capture Register ("Low") 
R 
$00 


OF 
Timer Control/Status 
Register 2 
RIW 
$10 


10 
Rate, Mode Control Register 
RIW 
$00 


11 
Tx/Rx Control Status Register 
RIW 
$20 


12 
Receive Data Register 
R 
$00 


13 
Transmit Data Register 
W 
$00 


14 
RAM/Port 5 Control Register 
RIW 
$7C or $FC 
15 
Port 5 
R 
- 


16 
Port 6 Data Direction Register 
W 
$00 
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Address 
Registers 
RIW"·- 
Initialize at RESET 


17 
Port 6 
RNJ 
Undefined 


18" 
- 
- 
- 


19 
Output Compare Register 2 ("High") 
RNJ 
$FF 


lA 
Output Compare Register 2 ("Low") 
RNJ 
$FF 


lB 
Timer Control/Status 
Register 3 
RNJ 
$20 


lC 
Time Constant Register 
W 
$FF 


10 
Timer 2 Up Counter 
RNJ 
$00 


lE 
- 
- 
- 


IF"" 
Test Register 
- 
- 


• External 
Address . 
•• 
Test 
Register. 
Do not access 
to this-register 
. 
••• 
R 
: Read Only 
Register 


W 
: Write Only 
Register 


RIW: 
Read/Write 
Register 


H06303X 
Expanded Mode 


$0000 


$OOlF 
j 


Internal' 
Registers 


External 
Memory 
Space 


Internal 
RAM 


External 
Memory 
Space 


• Excludes the following 
addresses 


which may be used externally: 
$02. $04. $06. $07. $18. 


• 
TIMER 1 
The HD6303X provides a J6-bit programmable timer which 


can simultaneously 
measure 
an input waveform and generate 


two independent 
output 
waveforms. The pulse widths of both 


input/output 
waveforms vary from microseconds to seconds. 
Timer 1 is configurated as follows (refer to Fig. 18). 
Control/Status 
Register I (8 bit) 
Control/Status 
Register 2 (7 bit) 
Free Running Counter (I 6 bit) 
Output Compare Register I (16 bit) 
Output Compare Register 2 (I6 bit) 
Input Capture Register (16 bit) 


and incremented 
by system clock. The counter value is readable 


by software 
without 
affecting 
the 
counter. 
The counter 
is 
cleared by reset. 


When writing to the upper byte ($09), the CPU writes the 


preset 
value ($FFF8) 
into 
the 
counter 
(address 
$09, $OA) 


regardless of the write data value. But when writing to the 
lower byte ($OA) after the upper byte writing, the CPU writes 
not only the lower byte 
data into lower 8 bit, but also the 


upper byte data into higher 8 bit of the FRC. 


The counter 
will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 


In t"hecase of the CPU write (S5AF3) 
to the FRC 


Figure 17 
Counter Write Timing 


• 
Output Compare Register (OCR) 
($OOOB,$OOOC; OCR1) ($0019, $001A; 
OCR21 


The output 
compare register is a 16-bit read/write 
register 
which can control 
an output 
waveform. The data of OCR is 


always compared with the FRC. 


When the data matches, output 
compare 
flag (OCF) in the 


timer control/status 
register (TCSR) is set. If an output 
enable 
bit (OE) in the TCSR2 is "I", 
an output 
level bit (OLVL) in 


the TCSR will be output 
to bit I (Tout 1) and bit 5 (Tout 2) 


of port 2. To control the output 
level again by the next com- 


pare, the value of OCR and OLVL should be changed. The 
OCR is set to $FFFF at reset. The compare function is inhibited 
for a cycle just after a write to the OCR or to the upper byte 
of the FRC. This is to begin the comparison after selling the 
16-bit value valid in the register and to inhibit the compare 
function 
at this cycle, because the CPU writes the upper byte 


to the FRC, and at the next cycle the counter is set to $FFF8. 


• 
For data write to the FRC or the OCR, 2·byte transfer 
instruction (such as STX etc.) should be used. 


• 
Input Capture Register (ICRI ($0000: 
OOOE) 
• 
Free-Running Counter (FRC) ($0009 : OOOA) 
The input capture register is a 16-bit read only register which 


The key timer element is a 16-bit free-running counter driven 
stores the FRC's value when external 
input 
signal transition 
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generates an input capture pulse. Such transition is controlled 
by input edge bit (IEDG) in the TCSR I. 
In order 
to 
input 
the external 
input 
signal to the edge 


detecter, 
a bit of the DDR corresponding 
to bit 0 of port 2 


should be cleared ("0"). 
When an input capture pulse occurs 


by the external input signal transition at the next cycle of CPU's 
high-byte read of the ICR, the input capture pulse will be de- 
layed by one cycle. In order to ensure the input capture oper- 
ation, a CPU read of the ICR needs 2-byte transfer instruction. 
The input pulse width should be at least 2 system cycles. This 
register is cleared ($0000) during reset. 


• 
Timer Control/Status 
Register 1 (TCSR1) ($0008) 


The timer control/status 
register I is an 8-bit register. All bits 


are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit 5 
The counter 
value reached 
to $0000 
as a result of 


counting-up (TOF). 
Bit 6 
A match has occured between the FRC and the OCR I 
(OCFl). 


Bit 7 
Defined transition 
of the timer input signal causes the 


counter to transfer its data to the ICR (ICF). 


The followings are each bit descriptions. 
Timer Control/Status 
Register 1 


6 
5 
3 
2 


Bit a 
OLVL1 
Output Levell 


OLVLl 
is transferred to port 2, bit I when a match 


occurs between the counter 
and the OCRI. If bit 0 of 


the TCSR2 (OE I) is set to "I", 
OLVLl will appear at 


bit I of port 2. 


Bitl 
IEDG 
Input Edge 


This bit determines which edge, rising or falling, of 


input 
signal of port 2, bit 0 will trigger data transfer 


from the counter 
to the ICR. For this function, 
the 


DDR corresponding to port 2, bit 0 should be cleared 
beforehand. 
IEDG=O, triggered on a falling edge 


("High" to "Low") 
IEDG= I, 
triggered on a rising edge 
("Low" to "High") 
BIt 2 
ETOI 
Enable Timer Overflow Interrupt 


When this bit is set, an internal interrupt 
(IRQ,) 
by 
TOI interrupt 
is enabled. When cleared, the interrupt 
is 


inhibited. 


Bit 3 
EOCll 
Enable Output Compare Interrupt 1 


When this bit is set, an internal interrupt (IRQ,) 
by 


Oc! I interrupt 
is enabled. When cleared, the interrupt 


is inhibited. 


Bit4 
EICI 
Enable Input Capture Interrupt 


When this bit is set, an internal interrupt 
(IRQ,) 
by 


ICI interrupt 
is enabled. When cleared. the interrupt 
is 
inhibited. 


Bit 5 
TOF 
Timer Overflow Flag 


This read-only 
bit 
is set when the counter 
incre- 


ments from $FFFF 
by I. Cleared when the counter's 
upper 
byte 
($0009) 
is ready 
by the CPU after 
the 


TCSRI read. 


Bit 6 
OCFl 
Output Compare Flag 1 


This read-only bit is set when a match occurs be- 


tween 
the OCRI 
and the FRC. Cleared when writing 


to the OCRI 
($OOOBor $OOOC)after the TCSRI 
or 


TCSR2 read. 


Bit 7 
ICF 
Input Capture Flag 
This read-only 
bit is set when an input 
signal of 


port 2, bit 0 makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the 
upper 
byte 
($OOOD) of the 
ICR following 
the 


TCSRI or TCSR2 read. 


• 
Timer Control/Status 
Register 2 (TCSR2) ($OOOFI 


The timer control/status 
register 2 is a 7-bit register. All bits 


are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
status. 
Bit 5 
A match has occured between the FRC and the OCR2 
(OCF2). 


Bit 6 
The same status flag as the OCFI 
flag of the TCSRI, 


bit 6. 


Bit 7 
The same status flag as the ICF flag of the TCSRI ,bit 7. 


The followings are the each bit descriptions. 


Bit a 
OEl 
Output Enable 1 
This bit enables the OLVLl to appear at port 2, bit 


I when a match has occurred between the counter and 
the output compare register I. When this bit is cleared, 
bit I of port 2 will be an I/O port. When set, it will be 
an output of OLVLl automatically. 


Bit 1 
OE2 
Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 


5 when a match has occurred between the counter and 
the output compare register 2. When this bit is cleared, 
port 2, bit 5 will be an I/O port. When set, it will be an 
output ofOLVL2 
automatically. 


Bit 2 
OLVL2 
Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match 


has occurred 
between 
the counter and the OCR2. If 


bit 5 of the TCSR2 (OE2) is set to "I", 
OLVL2 will 


appear at port 2, bit 5. 


Bit 3 
EOCI2 
Enable Output Compare Interrupt 2 


When this bit is set, an internal interrupt 
(IRQ,) 
by 


OCI2 interrupt 
is enabled. When cleared, the interrupt 


is inhibited. 


Bit 4 
Not Used 
Bit 5 
OCF2 
Output Compare Flag 2 
This read-only bit is set when a match has occurred 


between 
the 
counter 
and the 
OCR2. Cleared when 


writing to the OCR2 ($0019 or $00 IA) after the TCSR2 
read. 


Bit 6 
OCFl 
Output Compare Flag 1 
Bit 7 
ICF 
Input Capture Flag 
OCFI 
and 
ICF 
addresses 
are 
partially 
decoded. 


The CPU read of the TCSRI/TCSR2 
makes it possible 


to read OCF I and ICF into bit 6 and bit 7. 


Both the TCSRI and TCSR2 will be cleared during reset. 


(Note) If OEI 
or OE2 is set to "I" 
before the first output .•• 


compare match occurs after reset restart, bit I or bit 5 
of port 2 will produce "0" respectively. 


$HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• 
TIMER 2 
In addition to the timer I, the 
HD6303X 
provides an 8-bit 


reloadable 
timer, 
which 
is capable of counting 
the external 


event. This timer 2 contains a timer output, 
so the MPU can 


generate three independent waveforms (refer to Fig. 19). 


The timer 2 is configured as follows: 


Control/Status 
Register 3 (7 bit) 


8-bit Up Counter 
Time Constant Register (8 bit) 


• 
Timer 2 Up Counter (T2CNT) ($0010) 
This is an 8-bit up counter which operates with the clock 


decided by CKSO and CKS I of the TCSR3. The CPU can read 
the value of the counter 
without affecting the counter. In ad- 


dition, 
any value can be written 
to the counter 
by software 


even during counting. 
The counter 
is cleared when a match occurs between the 


counter and the TCONR or during reset. 


If a write operation is made by software to the counter at the 


cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 


• 
Time Constant Register (TCONR) ($OOlC) 
The time constant 
register is an 8-bit write only register. It 
is always compared with the counter. 


When a match has occurred, 
counter 
match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOSI of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting 
from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to "$FF" during reset. 


• 
Timer Control/Status 
Register 3 (TCSR31 ($001 B) 


The timer control/status 
register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 
The followings are each pin descriptions. 
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Timer1 
FRC 
I 
I 
I 


CKSO 
Input 
Clock 
Select a 


CKS 1 
Input 
Clock 
Select 
1 


Input 
clock 
to 
the 
counter 
is selected 
as shown 
in 


Table 
4 depending 
on these 
two 
bits. 
When 
an external 


clock 
is selected, 
bit 
7 of 
port 
2 will be a clock 
input 


automatically. 
Timer 
2 detects 
the 
rising 
edge 
of 
the 


external 
clock 
and 
increments 
the counter. 
The external 


clock 
is 
countable 
up 
to 
half 
the 
frequency 
of 
the 


system 
clock. 


CKS1 
CKSO 
Input 
Clock 
to the Counter 


a 
a 
E clock 
a 
1 
E clock/S" 


1 
a 
E c1ock/12S" 


1 
1 
External 
clock 


• These clocks come from the FAC of the timer 1. If one of these clocks 


is selected as an input clock to the up counter, the CPU should not 
write to the F RC of the timer 1. 


Bit 2 
TOSO 
Timer 
Output 
Select a 
Bit 3 
TOS1 
Timer 
Output 
Select 
1 


When 
a match 
occurs 
between 
the 
counter 
and 
the 


TCONR 
timer 
2 outputs 
shown 
in Table 
5 will appear 
at 


port 
2, bit 
6 depending 
on 
these 
two 
bits. 
When 
both 


TOSO and TOSI 
are "a", bit 6 of port 
2 will be an I/O 


port. 


TOS1 
TOSO 
Timer 
Output 


a 
a 
Timer 
Output 
Inhibited 


a 
1 
Toggle 
Output" 


1 
a 
Output 
"a.. 


1 
1 
Output 
"1" 


• When a match occurs between the counter and the TCON R, timer 2 


output 
level is reversed. This leads to production 
of a square wave with 


50% duty to the external without any software support. 


Bit 4 
T2E 
Timer 
2 Enable 
Bit 
When 
this 
bit 
is cleared. 
a clock 
input 
to 
the 
up 
counter 
is prohibited 
and the up counter 
stops. 
When set 
to 
"I", 
a clock 
selected 
by CKSI 
and 
CKSO (Table 
4) 


is input 
to the up counter. 


(Note) 
P26 
outputs 
"0" 
when 
T2E 
bit cleared 
and 
timer 
2 set 


in output 
enable 
condition 
by 
TOSI 
or 
TOSO. 
It also 


outputs 
"0" 
when 
T2E 
bit 
set 
"I" 
and 
timer 
2 set in 


output 
enable 
condition 
before 
the 
first 
counter 
match 
occurs. 


Bit 5 
Not Used 
Bit 6 
ECMI 
Enable 
Counter 
Match 
Interrupt 


When 
this 
bit is set. 
an internal 
interrupt 
(IRQ3) 
by 


CMI is enabled. 
When cleared, 
the interrupt 
is inhibited. 


Bit 7 
CMF 
Counter 
Match 
Flag 
This read-only 
bit is set when 
a match 
occurs 
between 


the 
up 
counter 
and 
the 
TCONR. 
Cleared 
by 
writing 


"0" 
by 
software 
write 
(unable 
to 
write 
"1" 
by 
soft- 


ware). 


Each bit of the TCSR3 
is cleared 
during 
reset. 
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• 
SERIAL 
COMMUNICATION 
INTERFACE 
(SCH 


The HD6303X SCI contains two operation modes; one is an 


asynchronous 
mode by the NRZ format 
and the other 
is a 


clocked synchronous 
mode which transfers data synchronizing 


with the serial clock. 
The SCI consists 
of the 
following 
registers as shown in 


Fig. 20 Block Diagram: 
Control/Status 
Register (TRCSR) 


Rate/Mode Control Register (RMCR) 
Receive Data Register (RDR) 
Receive Data Shift Register (RDSR) 
Transmit Data Register (TOR) 


• 
Transmit Data Shift Register (TDSR) 


The serial I/O hardware requires an initialization by software 


for operation. The procedure is usually as follows: 


I) 
Write a desirable operation mode into each correspond- 
ing control bit of the RMCR. 


2) 
Write a desirable operation mode into each correspond- 
ing control bit of the TRCSR. 


When using bit 3 and 4 of port 2 for serial I/O only, there is 


no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than I bit 
cycle of the current baud rate is necessary. If set in less than I 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 


• 
Asynchronous 
Mode 


An asynchronous 
mode contains 
the 
following two data 


formats: 
I Start Bit + S Bit Data 
+ I Stop Bit 


I Start Bit + 9 Bit Data 
+ I Stop Bit 


In addition, 
if the 9th bit is set to "I" 
when making 9 


bit data forrnat, the format of 


I Start bit 
+ S Bit Data 
+ 2 Stop Bit 


is also transferred. 
Data transmission is enabled by setting TE bit of the TRCSR, 


then port 2, bit 4 will become a serial output independently 
of 


the corresponding DDR. 


For data transmit, both the RMCR and TRCSR should be 


set under the desirable operating conditions. 
When TE bit is 


set during this process, 10 bit preamble will be sent in S-bit data 
forrnat and I I bit in 9-bit data forrnat. When the preamble is 
produced, 
the internal synchronization 
will become stable and 


the transmitter is ready to act. 


The conditions at this stage are as follows. 
I) 
If the TOR is empty 
(TDRE=I), 
consecutive 
I's are 


produced to indicate the idle state. 


2) 
If the TOR contains data (TDRE=O), data is sent to the 
transmit data shift register and data transmit starts. 


During data transmit, 
a start bit of "0" is transmitted 
first. 


Then S-bit or 9-bit data (starts from bit 0) 
and a stop bit' "I" 


are transmitted. 


When the TOR is "empty", 
hardware sets TORE flag bit. If 


the CPU doesn't respond to the flag in proper timing (the TORE 
is in set condition till the next normal data transfer starts from 
the transmit 
data register to the transmit 
sift register), "I" 
is 


transferred 
instead 
of the start bit "0" 
and continues 
to be 


transferred 
till data is provided to the data register. While the 


TORE is "I". 
"0" is not transferred. 


Data receive is possible by setting RE bit. This makes port 2, 


bit 3 be a serial input. The operation 
mode of data receive is 


decided by the contents 
of the TRCSR and RMCR. The first 
"0" (space) synchronizes 
the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
"I", a framing error assumed and ORFE is set 


When a framing error occurs, receive data is transferred 
to 


the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 


If the stop bit is "I", 
data is transferred 
to the receive data 
register and an interrupt 
flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 


When the CPU read the receive data register as a response to 


RDRF 
flag or ORFE flag after having read TRCS, RDRF or 


ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 


If CCI : CCO= 10, the internal bit rate clock is provided 
at P" 
regardless of the values for TE or RE. Maximum 


clock rate is E+ 16. 
If both CCI and CCO are set, an external TTL compati- 
ble clock must be connected 
to P" 
at sixteen times 


(16x) the desired bit rate, but not greater than E. 


• 
Clocked Synchronous 
Mode 
In 
the 
clocked 
synchronous 
mode, 
data 
transmit 
is 


synchronized 
with 
the 
clock 
pulse. 
The 
HD6303X 
SCI 


provides 
functionally 
independent 
transmitter 
and 
receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin 
is only P", 
so the 
simultaneous 
receive and 
transmit 
operation 
is not available. In this mode, TE and RE should 


not be in set condition 
("I") 
simultaneously. 
Fig. 21 gives a 


synchronous 
clock and a data forrnat in the clocked synchro- 


nous mode. 
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Data 
transmit 
is realized 
by 
setting 
TE 
bit 
in the 
TRCSR. 


Port 
2, bit 
4 becomes 
an output 
unconditionally 
independent 


of the value of the corresponding 
DDR. 
Both 
the 
RMCR 
and 
TRCSR 
should 
be set in the desirable 


operating 
condition 
for data 
transmit. 
When 
an 
external 
clock 
input 
is selected, 
data 
transmit 
is 


performed 
under 
the 
TDRE 
flag 
"0" 
from 
port 
2, bit 4, syn- 
chronizing 
with 
8 clock 
pulses 
input 
from 
external 
to port 
2, 


bit 2. 
Data 
is transmitted 
from 
bit 0 and the TDRE 
is set when 
the 


transmit 
data 
shift 
register 
is "empty". 
More 
than 
9th 
clock 


pulse 
of external 
are ignored. 


• Transmit data is output from a falling edge of a synchronous clock to the next falling edge. 


• Receive data is latched 
at the rising edge. 


When 
data 
transmit 
is selected 
to the clock 
output, 
the MPU 


produces 
transmit 
data 
and 
synchronous 
clock 
at TDRE 
flag 


clear. 


Data 
receive 
is enabled 
by setting 
RE bit. 
Port 
2, bit 
3 will 


be a serial 
input. 
The 
operating 
mode 
of data 
receive 
is decided 


by the TRCSR 
and the RMCR. 


If 
the 
external 
clock 
input 
is selected, 
RE 
bit 
should 
be 


set 
when 
P22 
is 
"High". 
Then 
8 external 
clock 
pulses 
and 


the 
synchronized 
receive 
data 
are 
input 
to 
port 
2, 
bit 
2 


and 
bit 
3 
respectively. 
The 
MPU 
put 
receive 
data 
into 
the 


receive 
data 
shift 
register 
by 
this 
clock 
and 
set 
the 
RDRF 


flag 
at 
the 
termination 
of 
8 bit 
data 
receive. 
More 
than 
9th 


clock 
pulse 
of 
external 
input 
are 
ignored. 
When 
RDRF 
is 


cleared 
by 
reading 
the 
receive 
data 
register, 
the 
MPU 
starts 


receiving 
the 
next 
data. 
So 
RDRF 
should 
be cleared 
with 
P" 


"High" 
When 
data 
receive 
is selected 
to the clock 
output, 
8 synchro- 


nous 
clocks 
are output 
to the external 
by setting 
RE bit. So re- 


ceive 
data 
should 
be 
input 
from 
external, 
synchronously 
with 


this clock. 
When 
the 
first 
byte 
data 
is received, 
the 
RDRF 
flag 


is set. 
After 
the second 
byte, 
receive 
operation 
is performed 
and 


output 
the 
synchronous 
clock 
to 
the 
external 
by 
clearing 
the 


RDRF 
bit. 


• 
Transmit/Receive 
Control 
Status 
Register 
(TRCSR) 
($0011) 


The TRCSR 
is composed 
of 8 bits which 
are all readable. 
Bits 


o to 4 are also writable. 
This register 
is initialized 
to $20 during 


reset. 
Each bit functions 
as follows. 
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Bit 0 
WU 
Wake-up 


In 
a 
typical 
multi-processor 
configuration, 
the 


software 
protocol 
provides the destination 
address at 


the 
first byte 
of the message. In order to make un- 


interested MPU ignore the remaining message, a wake-up 
function 
is available. By this, uninterested 
MPU can in- 


hibit all further receive processing till the next message 
starts. 


Then wake-up function 
is triggered by consecutive 


I's with 
I frame length (10 bits for 8-bit data, I I for 


9-bit). 
The software 
protocol 
should provide the idle 


time between messages. 
By setting this bit, the MPU stops data receive till the 


next message. The receive of consecutive "I" 
with one 


frame length wakes up and clears this bit and then the 
MPU restarts 
receive operation. 
However, the RE flag 


should 
be already 
set before setting this bit. In the 


clocked synchronous 
mode WU is not available, so this 


bit should not be set. 


Bit 1 
TE 
Transmit Enable 


When this bit is set, transmit data will appear at port 


2, bit 4 after one frame preamble in asynchronous mode, 
while 
in clocked 
synchronous 
mode 
it appears 
im- 


mediately. 
This is executed 
regardless of the value of 


the corresponding 
OOR. When TE is cleared, the serial 


I/O doesn't affect port 2, bit 4. 


Bit 2 
TIE 
Transmit Interrupt Enable 


When this bit is set, an internal interrupt 
(IRQ» 
is 


enabled 
when TORE (bit 5) is set. When cleared, the 


interrupt is inhibited. 
Bit 3 
RE 
Receive Enable 


When set, a signal is input to the receiver from port 


2, bit 3 regardless of the value of the OOR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 


Bit 4 
RIE 
Receive Interrupt Enable 


When this bit is set, an internal interrupt, 
IRQ) 
is 
enabled when RDRF (bit 7) or ORFE 
(bit 6) is set. 


When cleared, the interrupt is inhibited. 
Bit 5 
TORE 
Transmit Data Register Empty 


TORE 
is set when the TDR is transferred 
to the 


transmit 
data shift register in the asynchronous 
mode, 
while in clocked synchronous 
mode when the TDSR is 


"empty". 
This bit is reset by reading the TRCSR and 


writing new transmit data to the transmit data register. 
TORE is set to "I" 
during reset. 


(Note) TDRE should be cleared in the transmittable 
state after 


the TE set. 


Bit 6 
OR FE 
Overrun Framing Error 


ORFE is set by hardware when an overrun or a fram- 


ing error is generated 
(during data receive only). 
An 


overrun error occurs when new receive data is ready to 


be transferred to the ROR during RORF still being set. 
A framing error occurs when a stop bit is "0". But in 
clocked synchronous mode, this bit is not affected. Tltis 
bit is cleared when reading the TRCSR, then the ROR, 
or during reset. 


Bit 7 
RDRF 
Receive Data Register Full 
RORF is set by hardware when the RDSR is transfer- 
red to the RDR. Cleared when reading the TRCSR, then 
the RDR, or during reset. 


(Note) When a few bits are set between bit 5 to bit 7 in the 


TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 


• 
Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 


• Baud Rate 
. Data Format 


• Clock Source 
• Port 2, Bit 2 Function 


In addition, 
if 9-bit data format is set in the asynchronous 


mode, the 9th bit is put in this register. All bits are readable and 
writable 
except 
bit 7 (read only). This register is set to $OC 


during reset. 


BitO 
Bit 1 
Bit 5 
550} 
551 
552 


These bits control 
the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer I FRC (SS2=O) and 
the timer 2 up counter (SS2=I) prOVidethe internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating 
the 
SCI with internal 
clock, do not 
perform write operation 
to the timer/counter 
which is 


the clock source of the SCI. 


Bit 2 
Bit 3 
Bit 4 
CCO} 
CCl 
CC2 


These bits control 
the data format 
and the clock source 


(refer to Table 8). 


* CCO, CCI and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous 
mode of the external 


clock 
operation. 
Then the MPU sets port 2, bit 2 into 


the clock input 
state. 
When using port 2, bit 2 as an 
output 
port, the DDR of port 2 should be set to "I" 
and 
CCI and CCOto "0" and" I" respectively. 
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XTAL 
2.4576MHz 
4.0MHz 
4.9152MHz 


SS2 
SSl 
SSO 
E 
614.4kHz 
1.0MHz 
1.2288MHz 


0 
0 
0 
E~16 
26"s/38400Baud 
16"s/62500Baud 
13"s/768008aud 


0 
0 
1 
E~128 
208"s/4800Baud 
128"s/7812.5Baud 
104.2 "s/9600Baud 


0 
1 
0 
E~1024 
1.67ms/6008aud 
1.024ms/976.6Baud 
833.3"s 
1200Baud 


0 
1 
1 
E~4096 
6.67msj1508aud 
4.096msf244.1 
Baud 
3.333ms 
3008aud 


1 
- 
- 
- 
* 
* 
* 


f 


32 (N+I) 
( 


f: 
input 
clock 
frequency 
to the) 


ttmer 
2 counter 


N = 0 - 
255 


XTAL 
4.0MHz 
6.0MHz 
8.0MHz 


SS2 
SSl 
SSO 
E 
1.0MHz 
1.5MHz 
2.0MHz 


0 
0 
0 
E~2 
2"s 
bit 
1.33"s/bit 
l"s 
bit 


0 
0 
1 
E~16 
16"s/bit 
10.7"s/bit 
at/s/bit 


0 
1 
0 
E~128 
128"s/bit 
85.3"s/bit 
64.us/bit 


0 
1 
1 
E~512 
512"s/bit 
341 "s/bit 
256"s 
bit 


1 
- 
- 
- 
* * 
* * 
* * 


* Bit rates in the case of internal 
clock 
operation. 
In the case of external 
clock 
operation, 
the external 
clock 
is 


operatable 
up to DC - 
1/2 system 
clock. 


Bit Rate (ps/bit) 
= 
4 (~+ I) 


( 


f: 
input 
clock 
frequency 
to the) 
tImer 2 coun ter 


N=O-255 


~~L 
2.4576MHz 
3.6864MHz 
4.0MHz 
4.9152MHz 
8.0MHz 
Baud Rate (Baud 


110 
21' 
32' 
35' 
43' 
70' 


150 
127 
191 
207 
255 
51' 
300 
63 
95 
103 
127 
207 


600 
31 
47 
51 
63 
103 
1200 
15 
23 
25 
31 
51 


2400 
7 
11 
12 
15 
25 


4800 
3 
5 
- 
7 
12 


9600 
1 
2 
- 
3 
- 


19200 
0 
- 
- 
1 
- 


38400 
- 
- 
- 
0 
- 
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CC2 
CCl 
CCO 
Format 
Mode 
Clock 
Source 
Port 
2, Bit 2 
Port 
2, Bit 3 
I 
Port 
2, Bit 4 


0 
0 
0 
B-bit data 
Clocked 
Synchronous 
External 
Input 


0 
0 
1 
B-bit data 
Asynchronous 
Internal 
Not Used" 


0 
1 
0 
B-bit data 
Asynchronous 
Internal 
Output' 
When 
the TRCSR, 
RE bit is ''''', 


bit 3 is used as a serial 
input. 
0 
1 
1 
B-bit data 
Asynchronous 
External 
Input 


1 
0 
0 
B-bit data 
Clocked 
Synchronous 
Internal 
Output 


1 
0 
1 
9-bit data 
Asynchronous 
Internal 
Not Used" 


1 
1 
0 
9-bit 
data 
Asynchronous 
Internal 
Output' 
When 
the TRCSR, 
TE bit is "1", 


bit 4 is used as a serial output. 


1 
1 
1 
9-bit 
data 
Asynchronous 
External 
Input 


• Clock 
output 
regardless 
of the TRCSR, 
bit RE and TE . 


•• 
Not 
used for the SCI. 


Bit 6 
TDB 
Transmit 
Data 
Bit B 


When 
selecting 
9-bit 
data 
format 
in the 
asynchron- 


ou's 
mode, 
this 
bit 
is transmitted 
as 
the 
9th 
data. 
In 


transmitting 
9-bit 
data, 
write 
the 9th 
data 
into 
this bit 


then write 
data 
to the receive 
data 
register. 


Bit 7 
ROB 
Receive 
Data Bit B 


When 
selecting 
9-bit 
data 
format 
in the asynchronous 


mode, 
this 
bit stores 
the 9th 
bit data. 
In receiving 
9-bit 


data, 
read this bit then 
the receive 
data 
register. 


flag in the timer 
I, timer 
2 and SCI. 


As for 
Timer 
I ana 
Timer 
2 status 
flag, if the 
set and 
reset 


condition 
occur 
simultaneously, 
the 
set 
condition 
is prior 
to 


the 
reset 
condition. 
But 
in 
case 
of 
SCI 
control 
status 
flag, 


the 
reset 
condition 
has 
priority. 
Especially 
as for 
OCF I and 


OCF2 
of Timer 
I, the 
set signal 
is generated 
periodically 
when- 
ever 
FRC 
matches 
OCR 
after 
the 
set, 
and which 
can 
cause 
the 


unclear 
of the 
flag. To clear 
surely, 
the 
method 
is necessary 
to 


avoid 
the 
occurence 
of the 
set signal 
between 
TCSR 
Read 
and 


OCR 
write. 
For 
example, 
match 
the 
OCR 
value 
to FRC 
first, 


and next 
read TCSR, 
and then 
write 
OCR at once . 
• 
TIMER, 
SCI 
STATUS 
FLAG 


Table 
9 
shows 
the. set 
and 
reset 
conditions 
of each 
status 


Table 
9 
Timer 
1, Timer 
2 and SCI Status 
Flag 


Set Condition 
Reset 
Condition 


ICF 
FRC 
..• 
ICR by edge input 
to P,o. 
l. 
Read the TCSR 1 or TCSR2 
then 
ICRH, 


when 
ICF=l 


2. 
RES=O 


OCFl 
OCR1-FRC 
1. 
Read 
the TCSR 1 or TCSR2 
then 
write 
to the 


OCRl 
H or OCR1L, 
when 
OCFl 
= 1 


2. 
RES=o 
Timer 
1 
OCF2 
OCR2-FRC 
1. 
Read 
the TCSR2 
then write 
to the OCR2H 
or 


OCR2L, 
when 
OCF2 = 1 


2. 
RES=O 


TOF 
FRC-$FFFF+l 
cycle 
1. 
Read the TCSR 1 then 
FRCH, 
when 
TOF-l 


2. 
RES=o 


Timer 
CMF 
T2CNT=TCON 
R 
1. 
Write 
"0" 
to CM F, when 
CM F = 1 


2 
2. 
RES=o 


RDRF 
Receive 
Shift 
Register 
..• 
RDR 
1. 
Read the TRCSR 
then 
RDR, 
when 
RDRF = 1 


2. 
RtS=O 


ORFE 
1. 
Framing 
Error 
(Asynchronous 
Mode) 
1. 
Read the TRCSR 
then 
RDR, 
when 
ORFE-l 


Stop 
Bit = 0 
2. 
RES=O 


2. 
Overrun 
Error 
(Asynchronous 
Mode) 
Receive 
Shift 
Register'" 
RDR when 


SCI 
RDRF-l 


TORE 
1. 
Asynchronous 
Mode 
Read the TRCSR 
then 
write 
to the TOR, 


TDR 
..• Transmit 
Shift 
Register 
when 
TDRE=l 
2. 
Clocked 
Synchronous 
Mode 
(Note) 
TORE 
should 
be reset after 
the TE set. 


Transmit 
Shift 
Register 
is "empty" 


3. 
RES =0 
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• 
LOW POWER DISSIPATION 
MODE 


The HD6303X provides two low power dissipation modes; 
sleep and standby. 


• 
Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execu- 


tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents 
are retained. 
In this mode, the peripherals 


except 
the CPU such as timers, SCI etc. continue 
their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 
The MPU returns from this mode by an interrupt, 
RES or 


STBY; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt 
request, it 


cancels 
the sleep mode, returns 
to thc operation 
mode and 


branches 
to the interrupt 
routine. When the CPU masks this 
interrupt, 
it cancels the 
sleep mode and executes 
the next 


instruction. 
However, for example if the timer I or 2 prohibits 


a timer interrupt, 
the CPU doesn't 
cancel the sleep mode be- 


cause of no interrupt request. 


This sleep mode is effective to reduce the power dissipation 


for a system 
with 
no need of the HD6303X's 
consecutive 


operation. 


• 
Standby 
Mode 
The HD6303X 
stops all the clocks and goes to the reset 


state with STBY"Low". 
In this mode, the power dissipation is 


reduced conspicuously. 
All pins except for the power supply, 


the STBY and XTAL are detached 
from the MPU internally 


and go to the high impedance state. 
In this mode the power is supplied to the HD6303X, so 


the contents 
of RAM is retained. 
The MPU returns from this 


mode 
during 
reset. The followings are typical 
usage of this 


mode. 
Save the CPU information and SP contents on RAM by NMf. 


Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 22 depicts the timing at 
each pin with this example. 


Vcc 


UNM11 
lr-l 


NMI 
I 
I 
I 


HD6303X 
'!) RES 
I I 
I 


I 
STBY 
I 
II 


(i, 
I 
I 
I 


I 
mm 
I~ 


<h 
STBY 
I 


I 
I 
I 
I 


I 
I 
I 
I 


I-<--->t 
~ 
Save registers 
Oscillator 
RAM/Port 5 Control 
Start 
Time 
Register 
Set 
~ 


Restart 


• 
TRAP FUNCTION 
The CPU generates 
an interrupt 
with the highest priority 


(TRAP) when fetching an undefined instruction 
or an instruc- 


tion from non-memory 
space. The TRAP prevents the system· 


burst caused by noise or a program error. 


• 
Op Code Error 
When fetching 
an undefined 
op code, the CPU saves CPU 


registers as well as a normal interrupt and branches to the TRAP 
(SF FEE, SFFEF). 
This has the priority next to reset. 


• 
Address Error 
Whcn an instruction 
fCICh is madc from internal 
register 
(SOOO0--5001F), the MPU generates an interrupt 
as well as an 


op code error 
But on the system with no memory in its ex- 


ternal memory 
area, this function 
is not applicable if an in- 


struction fetch is made from the external non-memory area. 


This function 
is available only for an instruction 
fetch and 


is not applicable to the access of normal data read/write. 
(Note) The TRAP interrupt 
provides a retry function different- 


ly from other interrupts. 
This is a program flow return 


to the address where the TRAP occurs when a sequence 
returns 
to a main routine 
from the TRAP interrupt 


routine by RTf. The retry can prevent the system burst 
caused by noise etc. 
However, if another TRAP occurs, the program repeats 
the 
TRAP 
interrupt 
forever, 
so the 
consideration 
is 


necessary in programming. 


• 
INSTRUCTION 
SET 
The 
HD6303X 
provides 
object 
code 
upward 
compatible 


with 
the 
HD680 I 
to 
utilize 
all 
instruction' 
set 
of 
the 


HMCS6800. It also reduces the execution 
times of key instruc- 
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tions for throughput 
improvement. 


Bit 
manipulation 
instruction, 
change 
instruction 
of 
the 
index register and accumulator 
and sleep instruction 
are also 


added. 


The followings are explained here. 


CPU Programming Model (refer to Fig. 23) 
Addressing Mode 
Accumulator and Memory Manipulation Instruction 
(refer to Table 10) 
New Instruction 
Index Register and Stack Manipulation Instruction 
(refer to Table II) 
Jump and Branch Instruction (refer to Table 12) 
Condition Code Register Manipulation 
(refer to Table 13) 
Op Code Map (refer to Table 14) 


• 
Programming Model 
Fig. 23 depicts 
the 
HD6303X 
programming 
model. 
The 


double 
accumulator 
D consists of accumulator 
A and B, so 


when using the accumulator 
D, the contents 
of A and Bare 


destroyed. 


[ '- o~g 


I" 
01 
'••••• FI.'." •• 00 


I" 
s, 
01 
StK~ 
Po,n, •• ISPI 


I" 


PC 
01 
l"tot ••••• c..u"l 
•• llOCl 


, 
0 


~ 


' 
H 
I 
N 
Z 
\I 
C 
Co"d'''Ol'lCodtFlIlt·" 
•• ICCFlI 


c.",,,/&o<'O"'''Of''lMS8 
0-1'_ 


Z •• o 


N~l'yt 
."..,,""'. 
H•••c..r •.,IF,_II.,)1 


• 
CPU Addressing Mode 
The HD6303X provides 7 addressing modes. The addressing 


mode is decided by an instruction 
type and code. Table 10 


through 
14 show addressing modes of each instruction 
with 


the execution times counted by the machine cycle. 


When the clock frequency is 4 MHz, the machine cycle time 


becomes microseconds directly. 
Accumulator (ACCX) Addressing 


Only an accumulator 
is addressed and the accumulator A or 


B is selected. This is a one-byte instruction. 
Immediate Addressing 


This addressing 
locates 
a data in the second byte of an 


instruction. 
However, LDS and LDX locate a data in the second 


and third byte exceptionally. 
This addressing is a 2 or 3-byte 


instruction. 
Direct Addressing 


In this addressing mode, 
the 
second byte of an instruc- 
tion shows the address where a data is stored. 256 bytes ($0 
through 
$255) 
can 
be addressed 
directly. 
Execution 
times 


can be reduced by storing data in this area so it is recommended 
to make it RAM for users' data area in configurating a system. 
This is a 2-byte instruction, 
while 3-byte with regard to AIM, 


OIM, ElM and TIM. 
Extended Addressing 
In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit. This 
indicates 
the 
absolute 
address 
of 3-byte 
instruction 
in the 
memory. 
Indexed Addressing 
The second byte of an instruction and the lower 8 bit of the 


index register are added in this mode. As for AIM, aIM, ElM 
and TIM, the third byte of an instruction 
and the lower 8 bits 
of the index register are added. 


This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents 
of the index register doesn't 
change. This is a 2-byte 
instruction 
except 
AIM, aIM, 
ElM and TIM (3-byte instruc- 


tion). 
Implied Addressing 
An 
instruction 
itself 
specifies 
the 
address. 
That 
is, the 
instruction 
addresses a stack pointer, index register etc. This is a 
one-byte instruction. 
Relative Addressing 
The second byte of an instruction 
and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from -126 to + 129 byte of the 
current instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 


When accepting 
the IRQ at a preset timing with CLI 
and SEI instructions, 
more 
than 
2 cycles are neces- 
sary between the CLI and SEI instructions. For example, 
the following program (a) (b) don't accept the IRQ but 
(c) accepts it. 


CLI 
Nap 
Nap 
SEI 


CLI 
Nap 
SEI 


The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Condition 
Code 
Addressing 
Modes 
Register 


OperatIons 
MnemonIC 
Booleanl 
5 
4 
3 
2 , 
0 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add 
AODA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A+M-A 
I 
0 
I 
I 
I 
I 


ADDB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
B+M-B 
I 
0 
I 
I 
I 
I 


Add Double 
ADOD 
C3 
3 
3 
D3 
4 
2 
E3 
5 
2 
F3 
5 
3 
A 
B + M: 
M+'-A,8 
0 
0 
I 
I 
I 
I 


Add Accumulator, 
A8A 
18 
1 
1 
A+B-A 
I 
0 
I 
I 
I 
I 


Add WIth Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
89 
4 
3 
A+M+C-A 
I 
0 : 
I 
I 
I 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
I 
0 
I 
I 
I 
I 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
84 
4 
3 
A·M-A 
0 
0 
I 
I 
R 
0 


AN DB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
8·M- 
8 
0 
0 
I 
I 
R 
0 


BIt Ten 
BIT 
A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
85 
4 
3 
A'M 
0 
0 
I 
I 
R 
0 


BIT 
B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B'M 
0 
0 
I 
I 
R 
0 


Clear 
CLR 
6F 
5 
2 
7F 
5 
3 
00- 
M 
0 
0 
R 
S 
R 
R 


CLRA 
4F 
1 
1 
00 - 
A 
0 
0 
R 
S 
R 
R 


CLRB 
5F 
1 
1 
00 - 
B 
0 
0 
R 
S 
R 
R 


Compare 
CMPA 
Bl 
2 
2 
91 
3 
2 
Al 
4 
2 
B' 
4 
3 
A-M 
0 
0 
I 
I 
I 
I 


CMPB 
Cl 
2 
2 
Dl 
3 
2 
E 1 
4 
2 
Fl 
4 
3 
B - M 
0 
0 
I 
I 
I 
I 


Com~re 
CBA 
11 
1 
1 
A-B 
0 
0 
I 
I 
I 
I 
Accumulators 


Complement, 
1's 
CDM 
63 
6 
2 
73 
6 
3 
M-M 
0 
0 
I 
I 
R 
S 


COMA 
43 
1 
1 
A -A 
0 
0 
I 
I 
R 
S 


CDMB 
53 
1 
1 
B 
-B 
0 
0 
I 
I 
R 
S 


Complement, 
2', 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
0 
0 
I 
I <D~ 


(Negate) 
NEGA 
40 
1 , 
00 - A - 
A 
0 
0 
I 
I <D~ 


NEGB 
50 , , 
OO-B-B 
0 
0 
I 
I <DC2> 


DeCImal Adlust. 
A 
DAA 
19 
2 
1 
Converts blnarv 
add of BCO 
0 
0 
I 
I 
I 
CD 
character, 
,ntO BCD format 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M-1 
-M 
0 
0 
I 
I 
Iii> 0 


DECA 
4A , 
1 
A -1 
-. A 
0 
0 
I 
I 
Iii> 0 


DECB 
5A , 
1 
B-1 
-. B 
0 
0 
I 
I 
Iii> 0 


ExcluSlw 
OR 
EORA 
B8 
2 
2 
9B 
3 
2 
AS 
4 
2 
B8 
4 
3 
A@M-A 
0 
0 
I 
I 
R 
0 


EQRB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
Be 
M- 
B 
0 
0 
I 
I 
R 
0 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+ 
1-M 
0 
0 
I 
I 
i3l 
0 


INCA 
4C 
1 
1 
A + 1 - 
A 
0 
0 
I 
I 
i3l 
0 


INCB 
5C 
1 
1 
B + 1- 
B 
0 
0 
I 
I 
i3l 
0 


Load 
LDAA 
B6 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
0 
0 
I 
I 
R 
0 


Accumulator 
LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
0 
0 
I 
I 
R 
0 


Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1- 
B, M- 
A 
0 
0 
I 
I 
R 
0 


Accumulator 


MU!:lplv 
UnsIgned 
MUL 
3D 
7 
1 
AxB-A,B 
0 
0 
0 
0 
oCl) 


OR,lncluSlw 
DRAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
0 
0 
I 
I 
R 
0 


DRAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M- 
B 
0 
0 
I 
I 
R 
0 


Push Data 
PSHA 
36 
4 
1 
A - 
Msp, SP - 1 - 
SP 
0 
0 
0 
0 
0 
0 


PSHB 
37 
4 
1 
B - 
Msp, SP - 1 - 
SP 
0 
0 
0 
0 
0 
0 


Pull Data 
PULA 
32 
3 
1 
SP + 1 -. SP, Msp - 
A 
0 
0 
0 
0 
0 
0 


PULB 
33 
3 
1 
SP + 1 - 
SP, Msp - 
B 
0 
0 
0 
0 
0 
0 


Rotate 
Left 
ROL 
69 
6 
2 
79 
6 
3 


:11<[J4i 
I 


0 
0 
I 
I ~ I 


ROLA 
49 , 
1 
IIIII 
,i'J 
0 
0 
I 
1 
lID 
I 


ROLB 
59 
1 , 
8 
C 
b7 
be 
0 
0 
I 
I ~ I 


Rotate 
RIghi 
ROR 
66 
6 
2 
76 
6 
3 
:1C(}+ll 
IJ 


0 
0 
I 
I ~ I 


RORA 
46 
1 
1 
I II II I 
0 
0 
I 
I ~ I 


8 
C 
b7 
be 


RORB 
56 
1 
1 
0 
0 
I 
I ~ I 
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Addressing 
Modes 
Condition 
Code 


Register 
Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Boolean' 
5 • 
3 
2 , 
0 
Arithmetic 
Operation 


oP - - 


OP - - 


OP - - 


OP - - 


OP - - 


H 
I 
N 
Z 
V 
C 


Shih 
Leh 
ASL 
68 
6 
2 
78 
6 
3 
M\ 
_ 
··, , @, 
Arithmetic 
A$LA 
48 , 
1 
A 
[)+i 
1llljjl~o 
··, , @, 


A$LB 
58 , 
1 
8 
C 
b1 
bO ··, 'r,§) , 


Double 
Shih 
ASLD 
OS , 
1 [].I 
Ace 
AI ACC 8 
f+-o ··, ,kID , 
Left. 
Arithmetic 
C ., 
"'0 81 
80 
--- 


Shih 
Right 
ASR 
67 
6 
2 
77 
6 
3 
:)4'111iIi 
·· I , 
6 , 


Arithmetic 
ASRA 
47 
1 
1 
I f+CJ ·· , I 
6 
I 


57 
• 
.7 
bO 
C 


A$RB 
, 
1 
··, , 
6 , 


Shift 
Right 
LSR 
64 
6 
2 
7. 
6 
3 
:)0'" 
! I I I I I 
·· 


R , 
6 , 


Logical 
LSRA 
•• , 
1 
I 
bOf+9 ·· 


R , ® , 


LSRB 
5' 
1 
1 


• 
.7 
·· 


R ,k6l , 


Double 
Shift 
LSRD 
04 
1 , o-.l 
ACC AI ACe 8 
1-0{] ·· 
R 
,kID , 
Right 
Logical 
.7 
"'0 
81 
BO 
C 


Store 
STAA 
97 
3 
2 
A7 • 
2 
Bl • 
3 
A- 
M 
··, , 
R · 
Accumulator 
STAB 
07 
3 
2 
E7 
4 
2 
F7 • 
3 
B_M 
·· , , 
R · 
Store 
Double 
STo 
DO • 
2 
ED 
5 
2 
Fo 
5 
3 
A_M 
··, I 
R · 
Accumulator 
B _ 
M+ 
1 


Subtract 
SU8A 
BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO • 
3 
A-M_A 
··, , , I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO • 
2 
FO • 
3 
8-M_B 
··, , , , 


Double 
Subtract 
SUBD 
83 
3 
3 
93 
4 
2 
A3 
5 
2 
B3 
5 
3 
A: 
B -M: 
M + 1- 
A 
B ··, I , I 


Subtrec:t 
SBA 
10 , , 
A - 
B-" 
··, 
I , , 


Accumulators 


Subtract 
SBCA 
82 
2 
2 
92 
3 
2 
A2 • 
2 
B2 • 
3 
A-M-C-A 
·· , , , , 


With 
Carrv 
SBCB 
C2 
2 
2 
02 
3 
2 
E2 • 
2 
F2 • 
3 
B-M-C-B 
··, 
I 
I , 


Tranlfer 
TAB 
16 , 
1 
A_B 
·· 
I I 
R · 
Accumulatorl 
TBA 
'7 , , 
B_A 
··, , 
R · 
Test Zero or 
TST 
60 
4 
2 
70 
4 
3 
M -00 
··, , 
R 
R 
Minus 
TSTA 
.0 
1 
1 
A 
-00 
··, , R 
R 


TSTB 
50 
1 
1 
B - 
00 
··, , 
R 
R 


And Immediate 
AIM 
71 
6 
3 
6' 
7 
3 
M·IMM-M 
·• I I 
R · 
OR Immediate 
DIM 
72 
6 
3 
62 
7 
3 
M+IMM-M 
·• I I 
R • 
EOR Immediate 
ElM 
75 
6 
3 
65 
7 
3 
M:eIMM_M 
• • I : 
R • 
Test Immediate 
TIM 
7B • 
3 
6B 
5 
3 
M·IMM 
• • : 
1 
R • 
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• 
Additional 
Instruction 


In addition 
to the HD680 I instruction 
set, the HD6303X 


prepares the following new instructions. 


AIM 
(M)'(IMM) 
-+ (M) 


Executes "AND" operation 
to immediate data and the 


memory contents and stores its result in the memory. 


OIM 
(M) + (IMM) -+ (M) 


Executes 
"OR" 
operation 
to immediate 
data and the 


memory contents and stores its result in the memory. 


EIM . . . . . . . (M) G (IMM) -+ (M) 


Executes "EOR" 
operation 
to immediate data and the 


memory contents and stores its result in the memory. 


TIM 
(M)' 
(IMM) 


Executes 
"AND" 
operation 
to 
immediate 
data 
and 


changes the relative flag of the condition code register. 


These area 3.lJyte instructions; the first byte is op code, the 


second immediate data and the third address modifier. 


XGDX ..... 
(ACCD) +-> (IX) 


Exchanges the contents 
of accumulator 
and the index 


register. 


Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPATION MODE" for more details of the sleep mode. 


Addressing 
Modes 
Condition Cod. 


8001 •• n/ 
Regilt.r 


POlntlf 
Operations 
Mnemonic 
IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Oper.tion 
5 • 
3 
2 
1 
0 


OP - • 
DP - • 
OP - .OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Compar. 
Index 
Reg 
CPX 
8C 
3 
3 
9C 
4 
2 
AC 
5 
2 
8C 
5 
3 
X-M:M+l 
·· : I : I 


Decrement 
Index 
Reg 
DEX 
09 
1 
1 
X 
- 
1- 
X 
··· 


I ·· 
Decrement 
Stick 
Pntr 
DES 
34 
1 
1 
SP - 
1 ....•SP 
······ 
Increment 
Indlll 
Reg 
INX 
08 
1 
1 
X" 
1 ....•X 
··· 
I ·· 
Increment 
Stack Pntr 
INS 
31 
1 
1 
SP+l-SP 
······ 
LOld Index 
Reg 
LOX 
CE 
3 
3 
DE • 
2 
EE 
5 
2 
FE 
S 
3 
M-XH.fM+lI-XL. 
· ·0 
I 
R · 
load 
StIck 
Pntr 
LOS 
8E 
3 
3 
9E • 
2 
AE 
S 
2 
8E 
S 
3 
M-SPH.fM 
.•'I ....•SPL · • 0 I 
R · 
Store Index Reg 
STX 
OF • 
2 
EF 
S 
2 
FF 
S 
3 
XH ....•M.XL-IM+l) 
· • 0 I 
R · 
Store 
StIck 
Pntr 
STS 
gF • 
2 
AF 
S 
2 
8F 
S 
3 
SPH ....•M. SPL ....•1M .• 11 ··0 I 
R · 
Intln 
Reg"'" Stack Pntt 
TXS 
35 
1 
1 
X-l-SP 
······ 
Su,ck 
Pntr ....•Indell 
Reg 
TSX 
30 
1 
1 
SP .• 1 ...• X 
······ 
Add 
ABX 
3A 
1 
1 
B+X-X 
······ 
Push 
Data 
PSHX 
3C 
S 
1 
XL ....•MtP·SP-l-SP 
······ 
XH ....•MtP. 
SP - 
1 - 
SP 


Pull Data 
PULX 
38 
4 
1 
SP+l-SP,M.,p-XH 
······ 
SP .• ' ....•SP.MtP-XL 


Exchange 
XGDX 
'8 
2 
1 
ACCD· 
·IX 
• ··• ·· 
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AddreSSing Modes 
CondItion 
Code 
Register 
()peratiOns 
Mnemonic 
RELATIVE 
DIRECT 
INDEx 
EXTEND 
IMPLIED 
Branch Test 
5 " 


3 
2 
1 
0 


OP - 
# 
OP - . OP - 
# 
OP - .OP - 
# 
H 
I 
N 
Z 
V 
e 


Branch Always 
BRA 
20 
3 
2 
None 
······ 
Branch Never 
BRN 
2' 
3 
2 
None 
······ 
Branch 
If Carry Clear 
Bee 
2" 
3 
2 
e·o 
······ 
Branch 
If Carry Set 
BeS 
25 
3 
2 
e· 
, 
······ 
Branch 
If ,..Zero 
BEO 
27 
3 
2 
Z - 1 
······ 
Branch 
If ;;. Zero 
BGE 
2e 
3 
2 
NG,}V"O 
······ 
Branch 
If > Zero 
BGT 
2E 
3 
2 
Z + IN G> VI •• 0 
······ 
Branch 
If Htgher 
BHI 
22 
3 
2 
C+Z-O 
······ 
Branch 
If " 
Zero 
BLE 
2F 
3 
2 
Z + (N G VI" 
1 
······ 
Branch 
If Lower 
Or 
BLS 
23 
3 
2 
C + Z •• 1 
······ 
Som. 


Branch 
If < Z.ro 
BLT 
20 
3 
2 
NG)V-l 
······ 
Branch 
If Minus 
BMI 
2B 
3 
2 
N-' 
······ 
Branch 
If Not Equal 
BNE 
26 
3 
2 
Z·O 
······ 
Z.ro 


Br.nch 
If O'lerflow 
BVe 
2B 
3 
2 
V-O 
······ 
Clear 


Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V - 1 
······ 
Branch 
If Plus 
BPL 
2A 
3 
2 
N-O 
······ 
Branch To Subroutine 
BSR 
80 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To Subroutine 
JSR 
90 
5 
2 
AD 
5 
2 
BD 
6 
3 
······ 
No Operation 
NOP 
01 
1 
1 
Advances Prog. CnH ······ 
Only 


Return 
From 
Interrupt 
RT! 
3B 
10 , 
--(j) -- 


Retum 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S ···· 
Wait for 
Interrupt· 
WAI 
3E 
9 
1 
·®. ··· 
Sleep 
SLP 
lA 
4 
1 
·• • • • · 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435·8300 


~ddressingMode! 
Condition 
Code 
Register 


Operations 
Mnemonic 
IMPLIED 
Boolean 
Operation 
5 
4 
3 
2 
1 
0 


OP - 
# 
H 
I 
N 
Z 
V 
C 


Cl•• r Carrv 
CLC 
OC 
1 
1 
O-C 
· · · · · 
R 


Cle.r 
Interrupt 
M.sk 
Cli 
OE 
1 
1 
0-1 
· 
R · · · · 
CI •• r Overflow 
CLV 
OA 
1 
1 
O-V 
· · · · 


R · 
Set C8rrv 
SEC 
OD 
1 
1 
1 -C 
· · · · · 


S 


Set Interrupt 
M8sk 
SE. 
OF 
1 
1 
1- 
I 
· 


S · · · · 
Set Overflow 
SEV 
OB 
1 
1 
1 -V 
· · · · 
S · 
Accumulator 
A - 
CCR 
TAP 
06 
1 
1 
A_ 
CCR 
® --- 


CCR 
- 
Accumulator 
A 
TPA 
07 
1 
1 
CCR 
- 
A 
• I • · • I • · 


LEGEND 
OP 
Operation Code (Hexadecimal) 
Number of MeU Cycles 


Msp 
Contents of memory location pointed to by Stack Pointer 


# 
Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 


• 
Boolean AND 


+ 
Boolean Inclusive OR 


~ 
Boolean Exclusive OR 


M 
Complement of M 
Transfer into 


OBit 
= Zero 


00 
Byte = Zero 


CONDITION 
CODE SYMBOLS 


H 
Half~rry 
from bit 3 to bit 4 
I 
Interrupt mask 
N 
Negative (signbit) 
Z 
Zero (bytel 


V 
Overflow, 2's complement 
C 
Carry/Borrow from/to 
bit 7 


R 
Reset Always 


S 
Set Always 
t 
Set if true after test or clear 
Not Affected 


(Note) 
Condition Code Register Notes: 
(Bit set if test is true and cleared otherwise) 


'" 
(Bil VI 
Ten: 
Result = 100000007 


'21 
(Bit Cl 
Ten: 
Result, 
0000סס oo7 


(3) 
IBit CI 
Test: 
BCD Character of high-order byte greater than 10? 
(Not cleared if previously set I 


(4) 
IBit V) 
Test: Operand = 10000000 
prior to execution? 


'5' 
IBit V) 
Test: Operand = 0111 1111 prior to execution? 


IBit V) 
Test: Set equal to N~ C = 1 after the execution of instructions 


7' 
(Bit N) 
Test: 
Result lessthan zero? IBit 15=1) 


18) 
IAII Bit) 
Load Condition Code Register from Stack. 


(9' 
IBit I) 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 


r10l 
(All Bit) 
Set according to the contents of Accumulator A. 


@ 
(Sit C) 
Result of Multiplication 
Bit 7=1? IACCS) 


OP 
ACC 
ACC 
Z 


ACCA 
or 
SP 
ACeB 
or 
X 


IND 


CODE 
A 
B 
DIR 
IMM 
I 
DIR 
I 
IND 
I 
EXT 
IMM 
I 
DIR 
I 
IND 
I 
EXT 


~ 
~ 


000' 
0010 
0011 
0100 
0101 
0110 
0111 
1000 I 
1001 I 
1010 
! .1011 
1100 I 
1101 I 
'"0 
I 
1111 


LO 
0 
I 
2 
3 
• 
5 
6 
7 
8 
• 
A 
B 
C 
I 
D 
I 
E 
I 
F 


סס oo 
0 ------ 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
I 
NOP 
CBA 
BRN 
INS -- 
I 
AIM 
CMP 
t 


0010 
2 
------- --- 


BHI 
PULA 
--- 
OIM 
SBC 
2 


0011 
S ------ ------ 
BLS 
PULB 
COM 
SUBD 
AOOO 
3 


0100 • 


LSRD 
------ 
BCC 
DES 
LSR 
AND 
• 


0101 
5 
ASLD 
------- 
BCS 
TXS -- 
I 
ElM 
BIT 
5 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LDA 
6 


0111 
7 
TPA 
TBA 
BEa 
PSHB 
ASR 
./' 
STA 
./' 
STA 
7 


1000 
8 
INX 
XGDX 
BVC 
PULX 
ASL 
EOR 
8 


1001 • 
DEX 
DAA 
BVS 
RTS 
ROL 
ADC 
• 


1010 
A 
CLV 
SLP 
BPL 
ABX 
DEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
RlI 
---- 
I 
TIM 
ADD 
B 


1100 
C 
CLC 
------- 
BGE 
PSHX 
INC 
CPX 
LDD 
C 


1101 
D 
SEC 
------ 
BLT 
MUL 
TST 
BSR 
I 
JSR 
~I 
STD 
D 


1110 
E 
ClI 
------- 
BGT 
WAI 
~I~I 
JMP 
LDS 
LDX 
E 


1111 
F 
SEI 
~ 
BLE 
SWI 
CLR 
--- 


STS 
~I 
STX 
F 


0 
I 
2 
3 
• 
I 
5 
I 
6 
I 
7 
8 
I • 
I 
A 
I 
B 
C 
I 
D 
I 
E 
I 
F 


·UNDEFINED 
OP CODE 
C2:J 


• Only each instructions of AIM, OIM, ElM, TIM 
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• 
CPU OPERATION 


• 
CPU Instruction 
Flow 


When operating, 
the 
CPU fetches 
an instruction 
from a 


memory 
and executes 
the 
required 
function. 
This sequence 


starts 
with 
RES cancel and repeats 
itself limitlessly 
if not 


affected by a special instruction or a control signal. SWI, RTI, 
WAI and SLP instructions 
change this operation, 
while NMI, 


IRQ, , IRQ" 
IRQ" 
HALT and STBY control it. Fig. 24 gives 


the CPU mode transition 
and Fig. 25 the CPU system flow 


chart. Table 15 shows CPU operating states and port states. 


• 
Operation at Each Instruction Cycle 
Table 
16 shows the 
operation 
at each instruction 
cycle. 


By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDX instructions 
etc. prefetch 
the next instruction. 
So 


attention 
is necessary to the counting of the instruction cycles 


because it is different 
from the usual one ------op code fetch 


to the next instruction op code. 


Port 
Reset 
STBY'" 
HALT 
Sleep 


Ao - A7 
H 
T 
T 
H 


Port 2 
T 
T 
Keep 
Keep 


Do - 
D7 
T 
T 
T 
T 


A. - A,s 
H 
T 
T 
H 


Port 5 
T 
T 
T 
T 


Port 6 
T 
T 
Keep 
Keep 


Control 
. 
T 
Signal 
.. 
. 


H ; HIgh, 
L; Low, 
T; High Impedance 


AD, WA, A/Vi, 
L1A 
0 
H, BA = L 


AD, WA, A/Vi 
= T, ill, BA = H 


••• 
E pin goes to high impedance state. 
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(Note) 
1. The 
program sequence will 
come to 
the RES start from 
any 
place of 
the flow 
during 
RES. When STBY=O. the 
sequencewill go into the standby mode regardlessof the CPU 
condition. 


()~ 
<0~ 
N 
~ 
• 
~0~~ 
W 
t11 
CD 
W 
00 


ADC 
ADD 
1 
Cp Code Address + 1 
1 
a 
1 
1 
Operand Data 
AND 
BIT 
2 
Cp Code Address + 2 
1 
a 
1 
a 
Next Op Code 
CMP 
EaR 
2 
LOA 
ORA 


SBC 
SUB 


ADDD 
CPX 
1 
Cp Code Address + 1 
1 
a 
1 
1 
Operand Data (MSB) 


LDD 
LOS 
3 
2 
Cp Code Address + 2 
1 
a 
1 
1 
Operand Data ILSBI 


LOX 
SUBD 
3 
Op Code Address + 3 
1 
a 
1 
a 
Next ap Code 


ADC 
ADD 
1 
Cp Code Address + 1 
1 
a 
1 
1 
Address of Operand (lSBI 


AND 
BIT 
2 
Address of Operand 
1 
a 
1 
1 
Operand 
Data 
CMP 
EOR 
3 
3 
ap Code 
Address+2 
1 
a 
1 
a 
Next Op Code 
LOA 
ORA 


SBC 
SUB 


STA 
1 
ap Code Address + 1 
1 
a 
1 
1 
DestinatIon Address 
3 
2 
Destination Address 
a 
1 
a 
1 
Accumulator 
Data 


3 
Op Code Address + 2 
1 
a 
1 
a 
Next Op Code 
ADDD 
CPX 
1 
Cp Code Address + , 
1 
a 
1 
1 
Address 
of 
Operand 
(lSBl 


LDD 
LOS 
2 
Address of Operand 
1 
a 
1 
1 
Operand Data (MSB) 


LOX 
SUBD 
4 
3 
Address of Operand + 1 
1 
a 
1 
1 
Operand 
Data 
iLSBj 


4 
Op Code Address + 2 
1 
a 
1 
a 
Next ap Code 


STD 
STS 
1 
Cp Code Address + 1 
1 
a 
1 
1 
Destination Address (LSB) 
STX 
4 
2 
DestInation 
Address 
a 
1 
a 
1 
Register Data (MSB) 


3 
DestInation Address+ 
1 
a 
1 
a 
1 
Register Data (lSB) 


4 
ap Code Address+ 2 
1 
a 
1 
a 
Next Op Code 
JSR 
1 
Op Code Address + 1 
1 
a 
1 
1 
Jump Address ILSBl 


2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
3 
Stack POinter 
a 
1 
a 
1 
Return Address (LSB) 


4 
Stack POinter- 
1 
a 
1 
a 
1 
Return Address (MSBl 


5 
Jump Address 
1 
a 
1 
a 
First Subroutine Op Code 
TIM 
1 
Op Code Address + 1 
1 
a 
1 
1 
ImmedIate 
Data 
2 
Op Code Address+2 
1 
a 
1 
1 
Address of Operand (LSB) 
4 
3 
Address of Operand 
1 
a 
1 
1 
Operand Data 


4 
Op Code Address+3 
1 
a 
1 
a 
Next Op Code 
AIM 
ElM 
1 
Op Code Address + 1 
1 
a 
1 
1 
Immediate 
Data 
OIM 
2 
Op Code Addre~s + 2 
1 
a 
1 
1 
Address of Operand (LSBl 


3 
Address of Operand 
1 
a 
1 
1 
Operand Data 
6 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


5 
Address of Operand 
a 
1 
a 
1 
New Operand Data 


6 
Op Code Address+3 
1 
a 
1 
a 
Next Op Code 
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JMP 
, 
Op Code Address+ 1 
1 
0 
1 
1 
Offset 
3 
2 
FFFF 
1 
1 
, 
, 
Restart 
Address 
(LSB) 


3 
Jump Address 
, 
0 
1 
0 
First Op Code of Jump Routllle 
ADC 
ADD 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Offset 


AND 
BIT 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBI 


CMP 
EOR 
3 
IX + Offset 
1 
0 
1 
1 
Operand Data 
LOA 
ORA 
4 
4 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 


SBC 
SUB 
TST 
STA 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Offset 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBj 
4 
3 
IX+Offset 
0 
, 
0 
1 
Accumulator Data 


4 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 


ADDD 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Offset 


CPX 
LDD 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 
LOS 
LOX 
5 
3 
IX+Offset 
1 
0 
1 
1 
Operand Data (MSB) 
SUBD 
4 
IX+Offset+ 
1 
1 
0 
1 
1 
Operand Data (LSB) 


5 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 


STD 
STS 
1 
Op Code Address + 1 
1 
u 
1 
1 
Offset 


STX 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
3 
IX+Offset 
0 
1 
0 
1 
Register Data (MSB) 


4 
IX+Otfset+ 
1 
0 
1 
0 
1 
Register Data (lSB) 


5 
Op 
Code 
Address 
+ 2 
1 
0 
1 
0 
Next Op Code 


JSR 
1 
Op 
Code 
Address 
+ 1 
1 
0 
1 
1 
Offset 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSBI 


5 
3 
Stack POinter 
0 
1 
0 
1 
Return Address (LSB) 


4 
Stack POinter- 1 
0 
1 
0 
1 
Return Address (MSB) 


5 
IX + Offset 
, 
0 
1 
0 
First Subroutine Op Code 


ASL 
ASR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Offset 


COM 
DEC 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
INC 
LSR 
6 
3 
IX + Offset 
1 
0 
1 
1 
Operand Data 


NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


ROR 
5 
IX+Offset 
0 
1 
0 
1 
New Operand Data 


6 
Op Code Address+ 2 
1 
0 
1 
0 
Next Op Code 


TIM 
1 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 
2 
Op Code Address+ 2 
1 
0 
1 
1 
Offset 
5 
3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


4 
IX+Offset 
1 
0 
1 
1 
Operand Data 
S 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


CLR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 


2 
FFFF 
, 
1 
1 
1 
Restart Address (LSBI 


5 
3 
IX+Offset 
1 
0 
1 
1 
Operand Data 


4 
IX+Offset 
0 
1 
0 
1 
00 


5 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 


AIM 
ElM 
1 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 
OIM 
2 
Op Code Address + 2 
1 
0 
1 
1 
Offset 


3 
FFFF 
1 
1 
1 
1 
Restart Address (LS8) 
7 
4 
IX+Otfset 
1 
0 
1 
1 
Operand Data 
5 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


6 
IX+Offset 
0 
1 
0 
1 
New Operand'''Data 


7 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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JMP 
, 
Op Code Address + 1 
, 
0 
1 
1 
Jump Address (MSBI 


3 
2 
Op Code Address+2 
, 
0 
1 
1 
Jump Address (lSBI 


3 
Jump Address 
, 
0 
1 
0 
Next Op Code 
ADC 
ADD 
TST 
1 
Op Code Address + 1 
, 
0 
1 
1 
Address of Operand (MSB) 


AND 
BIT 
4 
2 
Op Code Address+ 
2 
1 
0 
1 
1 
Address of Operand {LSBI 


CMP 
EDR 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
LOA 
ORA 
4 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 


STA 
1 
Op Code Address + 1 
, 
0 
1 
1 
Destlnatton Address (MSB) 


2 
Op Code AddJess+2 
, 
0 
1 
1 
Destination Address (LSB) 
4 
3 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 


4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
ADDD 
1 
Op Code Address + 1 
1 
U 
1 
1 
Address of Operand (MSBl 


CPX 
LDD 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


LOS 
LOX 
S 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 


SUBD 
4 
Address of Operand + 1 
1 
0 
1 
1 
Operand 
Data 
(lSB) 


5 
Op Code Address + 3 
1 
0 
1 
0 
Next Cp Code 
STD 
STS 
, 
Op Code Address + 1 
1 
0 
1 
1 
Destination Address (MSBl 


STX 
2 
Op Code Address + 2 
, 
0 
1 
, 
DestinatIon Address (LSB) 


5 
3 
Destination Address 
0 
1 
0 
1 
Register Data (MSB) 


4 
Destination Address + 1 
0 
1 
0 
1 
Register Data (LSBl 


5 
Op Code Address + 3 
, 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address + 1 
, 
0 
1 
1 
Jump Address (MSBI 


2 
Op Code Address + 2 
1 
0 
1 
1 
Jump Address (LSB) 


3 
FFFF 
1 
1 
1 
1 
Restart Address (LSBl 
6 
4 
Stack Pointer 
0 
1 
0 
1 
Return Address (LSBl 


5 
Stack POinter- 1 
0 
1 
0 
1 
Return Address (MSBI 


6 
Jump Address 
1 
0 
1 
0 
First Subroutine Op Code 
ASL 
ASR 
, 
Op Code Address + 1 
1 
0 
1 
, 
Address of Operand (MSBl 


COM 
DEC 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 
IIIIC 
LSR 
6 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
NEG 
RDL 
4 
FFFF 
1 
1 
1 
, 
Restart Address (LSB) 


RDR 
5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 


6 
pp Code Address + 3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address + 1 
, 
0 
1 
1 
Address of Operand (MSBl 


2 
Op Code Address + 2 
, 
0 
1 
1 
Address of Operand (LSB) 


5 
3 
Address of Operand 
, 
0 
1 
1 
Operand Data 


4 
Address of Operand 
0 
1 
0 
1 
00 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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ABA 
ABX 
, 
Op 
Code 
Address 
+ 1 
, 
0 
, 
0 
Next Op Code 


ASL 
ASLD 


ASR 
CBA 


CLC 
CLI 
CLR 
CLV 
COM 
DEC 


DES 
DEX 
INC 
INS 


INX 
LSR 
1 


LSRD 
R(I)L 


RoR 
NoP 


SBA 
SEC 
SEI 
SEV 


TAB 
TAP 
TBA 
TPA 


TST 
TSX 


TXS 
DAA 
XGDX 
1 
ap Code 
Address 
+ 1 
1 
0 
1 
0 
Next Op Code 
2 
2 
FFFF 
1 
, 
1 
, 
Restart 
Address 
(LSBj 


PULA 
PULB 
1 
Op Code 
Address+ 
1 
, 
0 
1 
0 
Next Op Code 


3 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBj 


3 
Stack 
Pointer 
+ , 
, 
0 
1 
1 
Data 
from 
Stack 
PSHA 
PSHB 
1 
Op 
Code 
Address 
+ , 
, 
0 
, 
1 
Next Op Code 


2 
FFFF 
1 
1 
, 
, 
Restart 
Address 
(lSB) 
4 
3 
Stack 
POinter 
0 
, 
0 
, 
Accumulator 
Data 
4 
Qp 
Code 
Address 
+ 1 
, 
0 
1 
0 
Next Dp Code 
PULX 
1 
Op Code Address + 1 
, 
0 
1 
0 
Next Dp Code 
2 
FFFF 
, 
1 
1 
, 
Restart 
Address 
(LSBI 
4 
3 
Stack 
POInter + 1 
, 
0 
1 
, 
Data from Stack (MSB) 


4 
Stack 
POinter + 2 
, 
0 
1 
, 
Data from Stack (LSB) 
PSHX 
1 
ap Code 
Address 
+ , 
, 
0 
, 
1 
Next Cp Code 


2 
FFFF 
, 
1 
1 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack 
Pointer 
0 
1 
0 
1 
Index 
Register 
(LSB) 


4 
Stack 
Pointer 
- 
1 
0 
1 
0 
1 
Index 
Register 
(MSB) 
5 
Op 
Code 
Address 
+ 1 
1 
0 
1 
0 
Next Dp Code 
RTS 
1 
Cp 
Code 
Address 
+ 1 
, 
0 
1 
, 
Next Op Code 


2 
FFFF 
, 
, 
1 
, 
Restart 
Address 
(LSBI 


5 
3 
Stack 
POinter + 1 
1 
0 
1 
, 
Return 
Address 
(MSBl 


4 
Stack 
POinter + 2 
, 
0 
1 
1 
Return 
Address 
(LSBI 


5 
Return 
Address 
, 
0 
1 
0 
FIrst Op Code 
of Return 
RoutIne 
MUL 
1 
Op 
Code 
Address 
+ 1 
, 
0 
, 
0 
Next 
Op 
Code 


2 
FFFF 
1 
1 
1 
, 
Restart 
Address 
(LSBI 


3 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBI 


7 
4 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBI 


5 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBI 


6 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(lSB) 


7 
FFFF 
1 
1 
1 
, 
Restart 
Address 
(lSB) 
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WAI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
, 
1 
Restart Address (lSB) 


3 
Stack 
Pointer 
0 
1 
0 
1 
Return Address (lSB) 
4 
Star.k Pointer - 1 
0 
1 
0 
1 
Return Address {MSBI 
9 
5 
Stack POinter - 2 
0 
, 
0 
1 
Index Register (LSBI 


6 
Stack Pointer - 3 
0 
1 
0 
1 
Index Register (MSB) 
7 
Stack Pointer-4 
0 
1 
0 
, 
Accumulator 
A 


B 
Stack Pointer - 5 
0 
1 
0 
1 
Accumulator 
B 
9 
Stack Pointer - 6 
0 
1 
0 
1 
Conditional 
Code Register 
RTI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
, 
, 
1 
, 
Restart 
Address 
(LSB) 
3 
Stack Pointer + 1 
1 
0 
1 
, 
Conditional 
Code Register 
4 
Stack 
Pointer + 2 
1 
0 
1 
1 
Accumulator 
B 


10 
5 
Stack Pointer + 3 
1 
0 
1 
, 
Accumulator 
A 
6 
Stack 
Pointer +4 
1 
0 
1 
, 
Index Register (MSB) 
7 
Stack Pointer + 5 
, 
0 
1 
1 
Index Register (LSBI 


B 
Stack Pointer + 6 
, 
0 
1 
1 
Return Address (MSBl 
9 
Stack Pointer + 7 
, 
0 
1 
1 
Return Address 
(lSBI 


10 
Return Address 
1 
0 
1 
0 
First Op Code of Return Routine 
5WI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
, 
, 
1 
1 
Restart Address 
(LSB) 


3 
Stack Pointer 
0 
1 
0 
1 
Return Address (LSB) 
4 
Stack 
Pointer 
- 
t 
0 
1 
0 
1 
Return Address (MSBI 
5 
Stack Pointer - 2 
0 
, 
0 
, 
Index 
Register 
(LSB) 


, 2 
6 
Stack Pointer - J 
0 
, 
0 
, 
Index Register (MSBI 
7 
Stack Pointer-4 
0 
, 
0 
, 
Accumulator 
A 


B 
Stack Pomter - 5 
0 
1 
0 
1 
Accumulator 
B 
9 
Stack 
Pomter - 6 
0 
1 
0 
1 
Conditional 
Code Register 


10 
Vector Address FHA 
1 
0 
1 
1 
Address of SWI Routine (MSB) 


11 
Vector Address FHB 
1 
0 
, 
1 
Address of SWI Routine (lSB) 


12 
Address of SWI Routine 
1 
0 
1 
0 
FIrst Op Code of SWI Routine 


SlP 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


1 
j 
I 
j 
I 
l 


4 
Sleep 


1 
3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


BCC 
BCS 
, 
Op Code Address+ 1 
, 
0 
1 
, 
Branch 
Offset 
BEa 
BGE 
3 
2 
FFFF 
, 
1 
1 
, 
Restart Address (LSBl 
BGT 
BHI 
3 
IBranch Address 
Test="l- 


1 
0 
1 
First 
Op Code 
of Branch 
Routine 
BlE 
BlS 
lOp Code Address-+-l···Test="O· 
0 
Next Op Code 
BlT 
BMT 
BNE 
BPl 
BRA 
BRN 


BVC 
BVS 
BSR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
, 
, 
1 
Restart Address 
(LSB) 


5 
3 
Stack 
POinter 
0 
1 
0 
1 
Return Address 
(LSBI 


4 
Stack POInter - 1 
0 
1 
0 
1 
Return Address 
IMSBI 


5 
Branch Address 
1 
0 
1 
0 
First Op Code of Subroutine 
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• 
PRECAUTION 
TO THE 
BOARD 
DESIGN OF OSCILLA· 


TlON 
CIRCUIT 
As shown 
in 
Fig. 
26, 
there 
is a case 
that 
the 
cross 
talk 
dis· 


turbs 
the 
normal 
oscillation 
if signal 
lines 
are 
put 
near 
the 


oscillation 
circuit. 
When 
designing 
a board, 
pay 
attention 
to 
this. 
Crystal 
and 
Cl 
must 
be 
put 
as 
near 
the 
HD6303X 
as 
possible. 


r-20mm max-j 


(ij 
c;; 
g, 
§, 


Vi 
Vi 
cL 
J7i= 
rht 


• 
RECEIVE 
MARGIN 
OF THE SCI 


Receive 
margin 
of 
the 
SCI 
contained 
in 
the 
HD6303X 
is 


shown 
in Table 
17. 
Note: 
SCI = Serial Communication 
Interface 


Table 
17 


Bit distortion 
tolerance 
(t-to) 
Ito 


Character 


distortion 
tolerance 
(T-To) 
ITo 


±4.37% 
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HD6303V ,HD63A03V , 
HD63B03Y 
CMOS MPU (Micro Processing Unit) 


The HD6303Y 
is a CMOS S-bit single·chip microprocessing unit 


which contains a CPU compatible with the CMOS S-bit microcom- 
puter HD6301V, 
256 bytes of RAM, 
24 parallel 110 pins, Serial 


Communication 
Interface (SCI) and two timers. 


• 
FEATURES 
• 
Instruction Set Compatible with the HD6301 VI 


• 
256 Bytes of RAM 


• 
24 Parallel 1/0 Pins 


• 
Parallel Handshake Interface (Port 6) 


• 
Darlington Transistor Drive (Port 2. 6) 


• 
16-Bit Programmable Timer 
Input Capture Register x 
1 
Free Running Counter 
X 
1 
Output Compare Register x 2 


• 
S-Bit Reloadable Timer 
Extemal Event Counter 
Square Wave Generation 
• 
Serial Communication Interface (SCI) 


Asynchronous 
Mode (S Transmit Formats, Hardware Parity) 


Clocked Synchronous Mode 
• 
Memory Ready 
3 Kinds of Memory Ready 
• 
Halt 
• 
Error Detection 
(Address Error, Op-code Error) 
• 
Interrupt - 
Extemal 3, Internal 7 


• 
Maximum 65k Bytes Address Space 


• 
Low Power Dissipation Mode 


Sleep Mode 
Standby Mode (Hardware Standby, Software Standby) 


• 
Minimum Instruction Execution Time - 
0.5/Ls 
(f = 
2MHz) 


• 
Wide Range of Operation 


Vcc=3 
to 5.5V 
(f=O.1 to 0.5MHz) 


{ 


f=O.1 to 1.0MHz : HD6303Y 
} 


Vcc=5V± 
10% 
f=O.1 to 1.5MHz: HD63A03Y 
f= 0.1 to 2.0MHz : HD63B03Y 


(DP-64S) 


• PIN ARRANGEMENT 


v•• , 0 
E 


XTAl ~ 
RD 


EXTAl ~ 
WR' 


MP. 
1 Rffl 


MP, ~ 
DR 
m 
6 
SA 


STBY 
7 
• 
0, 


NMi 
8 
70, 


P,. 
9 
0, 


Pal 
~ 
0, 


P22 l' 
D. 


P" 
~ 
• 
0, 


p,. ~ 
20, 


Pn , 
51 07 


Pa• 
~ 
A, 


PH 
~ 
HD6303Y 
A, 


P50 
17 
A, 


P51 
~ 
7 A, 


Pl2 
~ 
A. 


PI3 ~ 
4 
A, 


P54 
21 
A, 


P" 
2 
A, 


P" f, 
2 Vss 


P" 
4 
41 A. 


Peo 
2S 
A, 


P., 
26 
3 
A" 


P" 
7 
38 All 


P., ~ 
37 A12 


p•• 
2 
A" 


Pe, ~ 
3 
A•• 


Pet 31 
3 
A" 


P" i:i 
Vee 


(Top View) 
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Vcc_ 


Vss- 


Vss- 


P,o(TIn 
) 
...J 
...J 


P,,(Tout,) 
« 
~ 
--- 
RD 
a:: 
~ 
CPU 


P22(SCLKJ 
c 
X~X 
WR 
N 
c 
OW 


P'3( Rx 
J 
~ 
!!: 
RiW 


a:: 
p,.(Tx 
) 
0 
[ffi 


P,s(Tout, 
) 


d- 
BA 


P'O(TOUt3J 
P27(TCLKJ 
Do 
0, 
0, 


'" 
03 


::J 
D. 
m 
! 
Os 


III 
Do 
0 
0, 


Ao 


"- 
A, 


"'Gl 
A, 
"':e 
~::J 
A3 
~m 
~'" 
A. 


«::J 
As 
m 


Pso(iM, 
Ao 


P5I(iRQ, 
A, 
Ps,(MR 
) 
co 
'" 
••• 
PS3(HALT) 
~ 
c 
As 
a:: 


Ps.(/S" 
) 
0 
A9 


Pss(~ 


d- 
",Qj 
) 
A,o 
Pso 
"':e 


P" 
~~ 
All 


~'" 
A" 


«~ 
AI3 


Poo 
A14 


Po, 
A,s 


Po, 
CD 


P03 
~ 
a:: 
Po. 
c 
d- 
RAM 
Pos 
Poo 
256Bytes 


Po, 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3-+7.0 
V 


Input Voltage 
Vin 
-0.3-Vcc+0.3 
V 


Operating Temperature 
Topr 
0 
+70 
·C 


Storage Temperature 
T.,g 
-55-+150 
·C 


(NOTE) 
This product 
has protection 
circuits in input terminal from high static electricity 
Yoltage and high ektctric field. 


But be careful not to apply overvoltage 
more than maximum 
ratings to these high input impedance 
protection 
circuits. To assure the normal 
operation. 
we recommend 
Vin• Vout: Vss ~ 
IVin orVout) 
~ 
Vec- 


• 
ELECTRICAL CHARACTERISTICS 


• 
DC CHARACTERISTICS (VCC = 5.0V±10%, 
VSS= OV, Ta = O-+70·C, 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


1ltS, STBV 
Vcc-0.5 
- 


Input "High" Voltage 
EXTAL 
VIH 
VccXO.7 
- 
Vcc 
V 
+0.3 


Other Inputs 
2.0 
- 


Input "Low" 
Voltage 
All Inputs 
Vil 
-0.3 
- 
0.8 
V 


Input Leakage Current 
NMI.~, 
STB'i', 
II;nI 
V;n= 0.5-Vcc-0.5V 
- 
- 
1.0 
p.A 
MPo, MP, 


Three State 
Ao-Am 
DO-DJ,Im, 
IITsd 
V;n= 0.5-Vcc-0.5V 
- 
- 
1.0 
p.A 
Leakage Current 
WI\. R 
, Ports 2,5,6 


IOH= - 200p.A 
2.4 
- 
- 
V 
Output "High" Voltage 
All Outputs 
VOH 
IOH= -10p.A 
Vcc-0.7 
- 
- 
V 


Output "Low" Voltage 
All Outputs 
VOL 
IOl = 1.6mA 
- 
- 
0.4 
V 


Darlington Drive 
Ports 2, 6 
-IOH 
Vou,=1.5V 
1.0 
- 
10.0 
mA 
Current 


Input Capacitance 
All Inputs 
Cin 
V;n= OV,f = 1MHz, 
- 
- 
12.5 
pF 
Ta = 25·C 


Standby Current 
Non Operation 
ISTB 
- 
3.0 
15.0 
p.A 


Sleeping (f- 
1MHz") 
- 
1.5 
3.0 
mA 


'SlP 
Sleeping (f= 1.5MHz··) 
- 
2.3 
4.5 
mA 


Sleeping (f= 2MHz··) 
- 
3.0 
6.0 
mA 


Current 
Dissipation· 


Operating (f= 1MHz··) 
- 
7.0 
10.0 
mA 


Icc 
Operating (f= 1.5MHz··) 
- 
10.5 
15.0 
mA 


Operating (f=2MHz··) 
- 
14.0 
20.0 
mA 


RAM Standby Voltage 
VRAM 
2.0 
- 
- 
V 


VIH min = vec - 
1.0V. vll max = O.8V (All output terminals 
arB at no load,) 


Current Dissipation 
of the operating 
or sleeping condition 
is proportional 
to the operating 
frequency. 
So the typo or max. values about Current 
Dissipations 
at X MHz operation 
are decided according 
to the following 
formula: 
typovalue (f = )(MHz)= typovalue (f = 1MHz)x )( 
max.value(f = )(MHz)= max.value(f = 1MHz)x )( 
(boththe sleepingandoperating) 
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• 
AC CHARACTERISTICS 
IVcc = 6.0V± 
10%. VSS= OV. T. = 0-+70·C. 
unless otherwise 
noted.) 


BUS TIMING 


Test 
HD6303Y 
HD63A03Y 
HD63B03Y 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tCYC 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
/Ls 


Enable Rise Time 
tEr 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Fall Time 
tEl 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Pulse Width "High" 
level" 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Enable Pulse Width "low" 
level" 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address. RIW Delay Time" 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Data Delay Time 
I Write 
tDDw 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Set-up Time 
I Read 
tDSR 
BO 
- 
- 
70 
- 
- 
60 
- 
- 
ns 


Address. RIW Hold Time" 
tAH 
Fig. 1 
80 
50 
40 
- 
- 
- 
- 
- 
- 
ns 


IWrite" 
tHW 
70 
- 
- 
50 
- 
- 
40 
- 
- 
ns 
Data Hold Time 


I Read 
tliR 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 
Frn. WR Pulse Width" 
PWRW 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
lm.WR Delay Time 
tRwD 
- 
- 
40 
- 
- 
40 
- 
- 
40 
ns 


RD. WR Hold Time 
tHRW 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 
DR Delay Time 
tDLR 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


UR Hold Time 
tHLR 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


MR Set-up Time· 
tSMR 
400 
- 
- 
280 
- 
- 
230 
- 
- 
ns 


MR Hold Time· 
tHMR 
Fig. 2 
- 
- 
100 
- 
- 
70 
- 
- 
50 
ns 


EClock Pulse Width at MR 
PWEMR 
- 
- 
9 
- 
- 
9 
- 
- 
9 
/Ls 


Processor Control Set-up Time 
tpcs 
Fig. 3. 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
13.14 


Processor Control Rise Time 
tpcr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


Processor Control FallTime 
tpCI 


Fig. 2. 3 
100 
100 
100 
- 
- 
- 
- 
- 
- 
ns 


BA Delay Time 
teA 
Fig. 3 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Oscillator Stabilization Time 
tRC 
Fig. 14 
20 
- 
- 
20 
- 
- 
20 
- 
- 
ms 


Reset Pulse Width 
PWRST 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tCYC 


Test 
HD6303Y 
HD63A03Y 
HD63B03Y 


Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral Data 
Port 2.5.6 
tpDSU 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Set Up Time 


Peripheral Data 
Fig.5 


Hold Time 
Port 2. 5. 6 
tpDH 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Delav Time (From 
EnableFallEdgeto 
Port 2. 5. 6 
lpWD 
Fig.6 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
Peripheral Output) 


Input Strobe Pulse Width 
lpWIS 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Input Data Hold Time 
Port 6 
••• 
Fig.10 
150 
- 
- 
150 
- 
- 
150 
- 
- 
ns 


Input Oats Set-Up 
Time 
Port 6 
~s 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 


Output Strobe Delay Time 
IosD! 
Fig.11 
200 
200 
200 
- 
- 
- 
- 
- 
- 
ns 


IosD2 
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Test 
HD6303Y 
HD63A03Y 
HD63B03Y 
Item 
Symbol 
Condition 
Unit 
min 
Iyp 
max 
min 
typ 
max 
min 
typ 
max 


Timer 1 Input Pulse Width 
tpWT 
Fig. 9 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tCYC 


Delay Time (EnablePositive 
tTOo 
Fig. 7, 8 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition to Timer Outpull 


SCllnput 
IAsync. Mode 
Fig. 9 
1.0 
- 
- 
1.0 
- 
- 
1.0 
- 
- 
tcvc 
Clock Cycle 
I Clock Sync. 
tsCYC 
Fig. 4 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcvc 


SCI Transmit Data Delay 
tTXO 
- 
- 
220 
- 
- 
220 
- 
- 
220 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Set-up 
tsRX 
Fig.4 
260 
- 
- 
260 
- 
- 
260 
- 
- 
Time (Clock Sync. Mode) 
ns 


SCI Receive Data Hold Time 
tHRX 
100 
100 
100 
(Clock Sync. Model 
- 
- 
- 
- 
- 
- 
ns 


SCllnput Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tSeye 


Timer 2 Input Clock Cycle 
ttCYC 
2.0 
- 
- 
2.0 
- 
- 
20 
- 
- 
teye 
Timer 2 Input Clock Pulse 
tpWTCK 
200 
- 
- 
200 
- 
- 
200 
- 
- 
Width 
Fig. 9 
ns 


Timer 1·2, SCllnput Clock 
tCKr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
Rise Time 
ns 


Timer 1·2, SCllnput Clock 
tCKI 
- 
- 
100 
- 
- 
100 
- 
- 
100 
Fall Time 
ns 
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to,< 


E 
PW" 
PWeH 
O.8V 


te, 
tEf 
tAH 


Ao-A15. 
2.4V 


R/W 
O.8V 


tHRW 


tAWD 
PW"", 


RO,WR 


2.4V 


O.8V 


toow 


MPUWrite 
°0-0, 


tOSR 
tHR 


MPU Read 
2.0V 
°0-0, 
O.8V 


\ 
\ 
\~---- 
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I 


Instruction 
Execution 


Cycle 


'2.0V 
is high level when clock input. 


2.4V is high level when clock output. 


jMPUWrite 
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Timer 
1 
FRC 
P26 
Output =tit 


TOO 


2.4V 
0.~8~V 
_ 


P2', P2' 
Outputs --------- 
(TCONR=N) 


Figure 8 
Timer 
2 Output Timing 


'Timer 
2 ; ttcyc 


SCI 
; tScyc 


"Timer 
1 ; tPWT 
Timer 
2; tPWTCK 
SCI 
;tPWSCK 


PORT6 


Data 
(Input) 


MPU access 01 
PORT6 


10 


Vcc 


1F! 


RL=2.2kQ 


Test Point 
1S2074181 


C 
R 
or Equiv. 


C = 90pFlorOo-07.A"-A,,.E 
= 30pF for Port 2. Port 5. Port 6. RD. 


Wli. RIW. SA, lJIf 
R = 12kfi 


P" 
(OS) 


Op Code Op Code 
FFFF 
SP 
SP-l 
SP·2 
SP-3 
SP·4 
SP-5 
Vector 
Now 


Address 
Address + 1 
LsB 
PC 


Address 
Address 


0. 
Operand 
Irrelevant 
PCO- 
~~fs 


IXO- 
tX8- 
ACeA 
ACeB 
CCR 
Vector 
Vector 
F,rst In5t. of 
Code Op Code Data 
PC7 
'X7 
IX1S 
MsB 
LsB 
Interrupt 
Routine 


\ 
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,""•.,--,----;.---------:,,~~'-'--- 


All 
_).\\\~\\. 
'~T::J"D-i~1 


"'".:II\\\\\\\§\\\§~\\". 
iUD~JI 
~·.]»l~ij~~\i 
•••• 
lIl1.I1I·I,~------_='O-O-O••• 
~---{~'------ 
PC8- 
PCO- 
FlrSI 
PC15 
PC7 
Instruction 


• 
FUNCTIONAL PIN DESCRIPTION 


• 
VCC' VSS 
Vcc and V55 provide 
power to the MPU with 5V± 
10% supply. 


In the case of low speed 
operation 
(fmax=500kHz), 
the MPU can 


operate 
with 3 to 5,5 volts. Two V55 pins should ,be tied to ground. 


• 
XTAL,EXTAL 
These 
two pins interface 
with an AT-cut parallel resonant 
crystal. 


Divide-by-four 
circuit 
is on chip, 
so if 4MHz 
crystal 
oscillator 
is 


used, 
the system 
clock is 1MHz 
for example. 


EXTAL 
pin can be drived 
by the external 
clock with 45% to 55% 


duty, The system 
clock which is one fourth 
frequency 
of the exter- 


nal clock 
is generated 
in the 
LSI. The 
external 
clock 
frequency 


should 
be less than four times of the maximum 
operating 
frequen- 


cy, When 
using the external 
clock, XTAL 
pin should 
be open. 
Fig. 


15 shows 
examples 
of connection 
circuit. 
The crystal and CLl, 
CL2 


should 
be mounted 
as close as possible 
to XTAL and EXTAL 
pins, 


Any line must 
not cross the line between 
the crystal oscillator 
and 


XTAL, 
EXTAL. 


AT Cut Parallel 
Resonant 
Crystal 
Oscillator 


Co=7pF 
max 
Rs=60Q 
max 


CLl =Cl2 
= 10pF-22pF±20% 
(3.2-8MHz) 


J-Cl2J-Cll 


• STBY 
This pin makes 
the MPU standby 
mode. 
In "Low" 
level, the os- 
cillation 
stops and the internal 
clock is stabilized 
to make reset con- 
dition, 
To 
retain 
the 
contents 
of RAM 
at standby 
mode, 
"0" 


should 
be written 
into RAM 
enable 
bit (RAME). 
RAME 
is the bit 
6 of the RAM/port 
5 control 
register 
at $0014. 
RAM 
is disabled 
by 
this operation 
and its contents 
is sustained 
. 


Refer 
to 
"LOW 
POWER 
DISSIPATION 
MODE" 
for 
the 
standby 
mode. 


• 
Reset 
CRESI 
This pin resets 
the MPU 
from 
power 
OFF 
state and provides 
a 
startup 
procedure, 
During 
power-on, 
RES pin must be held "Low" 
level for at least 20ms, 
The 
CPU 
registers 
(accumulator, 
index 
register, 
stack 
pointer, 


condition 
code 
register 
except 
for interrupt 
mask 
bit), 
RAM 
and 
the data 
register 
of ports 
are not initialized 
during 
reset, 
so their 
contents 
are undefined 
in this procedure. 


To reset the MPU during 
operation, 
RES should 
be held "Low" 


for at least 
3 system-clock 
cycles. 
At the 3rd cycle during 
"Low" 


level, 
all the address 
buses 
become 
"High". 
When RES remains 


"Low", 
the address 
buses 
keep "High". 
If RES becomes 
"High", 


the MPU 
starts 
the next operation. 


(I) 
Latch 
the value 
of the mode 
program 
pins; 
MPo and MP,. 
(2) 
Initialize 
each internal 
register 
(Refer 
to Table 4). 


(3) 
Set 
the 
interrupt 
mask 
bit. For 
the 
CPU 
to recognize 
the 
maskable 
interrupts 
IRQ" 
IRQ, and IRQ" 
this bit should 
be 
cleared 
in advance. 
(4) 
Put the contents 
(=start 
address) 
of the last two addresses 
($FFFE, 
$FFFF) 
into the program 
counter 
and start the pro- 
gram 
from 
this address. 
(Refer 
to Table 0. 


• 
Enable 
IE) 
This pin provides 
a TTL-compatible 
system 
clock to external 
cir- 
cuits. Its frequency 
is one fourth 
that of the crystal oscillator 
or ex- 
ternal clock. This pin can drive one TTL load and 90pF capacitance. 


• 
Non-Maskable 
Interrupt 
INMII 


When 
the falling edge of the input signal is detected 
at this pin, 


the 
CPU 
begins 
non-maskable 
interrupt 
sequence 
internally, 
As 
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well as the IRQ mentioned below, the instruction being executed at 
Nm signal detection will proceed to its compeletion. The interrupt 
mask bit of the condition code register doesn't affect non-maskable 
interrupt at all. 


In response to an NMI interrupt, the contents of the program 


counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from SFFFC and SFFFD to transfer their contents 
into the program counter and branch to the non-maskable interrupt 
service routine. 
(Note) 
At reset start, the stack pointer should be initialized on 
an appropriate memory area and then the falling edge 
be input to NMI pin. 


• 
Interrupt Request mRr;. mo-.) 
These are level-sensitive pins which request an internal interrupt 


sequence to the CPU. At interrupt request, the CPU will complete 


Each Status Registers 
Interrupt 
Enable Flag 
.. , .. ; Enable, "0" ; Disable 


ISF 


CMF 


RORF 
PER 
ORFE 
TORE 


the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
starts an interrupt sequence; if set, the interrupt request will be ig- 
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. During the last 
cycle, the CPU fetches vectors depicted in Table I and transfers 
their contents to the program counter and branches to the service 
routine. 


The CPU uses the external interrupt pins (IRQ, and IRQ,) also 


as port pins Pso and P", so it provides an enable bit to Bit 0 and 1 of 
the RAM port 5 control register at SOOI4.Refer to "RAM/PORT 
5 


CONTROL REGISTER" for the details. 


When one of the internal interrupts, ICI, OCI, TO!, CMI or SIO 


is generated, the CPU produces interna~errupt 
signal (IRQ,). 


IRQ, functions just the same as IRQ, or IRQ, except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 


ConditIon 
Code 
RegIster 
I MASK 
"0" 
. Enable 


"1". 
DIsable 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 
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Vector 
Priority 
MSB 
LSB 
Interrupt 


Highest 
FFFE 
FFFF 
"RES 


FFEE 
FFEF 
TRAP 
FFFC' 
FFFD 
NMI 


FFFA 
FFFB 
SWI 
(Software Interrupt) 
FFF8 
FFF9 
lRQ" ISF(port 6 Input Strobel 


FFF6 
FFF7 
ICI 
(Timer 1 Input Capture) 


FFF4 
FFF5 
OCI 
(Timer 1 Output Compare 1, 2) 


FFF2 
FFF3 
TOI 
(Timer 1 Overflow) 


FFEC 
FFED 
CMI 
(Timer2 Counter Match) 


FFEA 
FFEB 
lRQ2 


Lowest 
FFFO 
FFF1 
SIO 
(RDRF+ORFE+ TORE+ PER) 


• 
Mode Program (MPo• MP,) 
Set MPo "High" and MP, "Low". 


• 
Read/Write 
(RIW) 


This signal, usually be in read state ("High"), 
shows whether 


the CPU is in read ("High") or write ("Low") state to the periph- 
eral or memory devices. This can drive one TTL load and 30pF ca- 
pacitance. 


• 
RD.WR 
These signals show active low outputs when the CPU is reading/ 


writing to the peripherals or memories. This enables the CPU easy 
to access the peripheral LSI with1lJ:) and WR input pins. These pins 
can drive one TTL load and 30pF capacitance. 


• 
Load Instruction 
Register (UR) 


This signal shows the instruction opecode being on data bus 


(active low). This pin can drive one TTL load and 30pF capacitance. 


• 
Memory Ready (MR; P52) 
This is the input control signal which stretches the system 


clock's "High" 
period to access low-speed memories. HD6303Y 


can select three kinds of low-speed memory access method by 
RAM/Port 
5 Control Register's MRE bit and AMRE bit. In the 


case that CPU accesses low-speed memories by the external MR 
signal (MRE="I", 
AMRE="O"), 
the system clock operates in 


normal sequence when this signal is in "High". 
But this signal in "Low", the "High" period of the system clock 


will be stretched depending on its "Low" level duration in integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2). Up to 91-'scan be stretched. 
During internal address space access or nonvalid memory ac- 


cess, MR is prohibited internally to prevent decrease of operation 
speed. Even in the halt state, MR can also stretch "High" period of 
system clock to allow peripheral devices to access low-speed memo- 


• 
Halt (HALT;P63) 
This is an input control signal to stoP instruction execution and 
to release buses. When this signal switches to "Low", 
the CPU 
stops to enter into the halt state after having executed the present 
instruction. When entering into the halt state, it makes BA "High" 
and also an address bus, data bus, RD, WR, R/W high impedance. 
When an interrupt is generated in the halt state, the CPU uses the 
interrupt handler after the halt is cancelled. When halted during the 
sleep state, the CPU keeps the sleep state, while BA is "High" and 
releases the buses. Then the CPU returns to the previous sleep 
state when the HALT signal becomes "High". 


(Note) 
Please don't switch the HALT signal to "Low" when 
the CPU executes the WAI instruction and is in the in- 
terrupt wait state to avoid the trouble of the CPU's op- 
eration after the halt is cancelled. 


• 
Bus Available (BAI 
This is an output control signal which is normally "Low" but 
"High" when the CPU accepts HALT and releases the buses. The' 
HD6800 and HD6802 make BA "High" and release the buses at 
WAI execution, while the HD6303Y doesn't make BA "High" 
under the same condition. 


• 
PORT 
The HD6303Y provides three 8-bit I/O ports. Each port pro- 
vides Data Direction Register (DDR) which controls the I/O state 
by the bit. 


Port 
Port Address 
Data Direction Register 


Port 2 
$0003 
$0001 


Port 5 
$0015 
$0020 


Port 6 
$0017 
$0016 


• 
Port 2 
An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O state. 


This port provides DDR corresponding to each bit and can define 
input or output by the bit ("0" for input, "I" 
for output). 


As Port 2 DDR is cleared during reset, it will be an input port. 
Port 2 is also used as an I/O pin for timer I, Timer 2 and the SCI. 


Pins for Timers and the SCI set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an I/ 
o port after used as I/O pins of the timers or the SCI, the I/O direc- 
tion of the pins remain as it is used as the I/O pin of timer and SCI. 


Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce ImA when Vout= 1.5V to drive directly the base of 
Darlington transistor. 


P20 (Tin) 
P" is also used as an external input pin for the input-capture. 


This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (P20DDR) ("0" for an input and "I" 
for 
an output). Then either a signal to or from P" ("to" for an output 
port, "from" for an input port) is always input to the Timer I input 
capture. 
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R 
Q 
D 
P,oDDR 


C 


WP2D 


Q 
D 
P,o DATA 


C 


RP2 
WP2 
--L- 


P21 (Tout 
11. P24 (Tx). 
P26 (Tout 2). P26 (Tout 
3) 


These 
four 
pins can be also used 
as output 
pins for Timer 
I, 
Timer 
2 and a transmit 
output 
of the SCI. Timer 
I, and the SCI 


S 
R 
Q 
D 
P,. DDR 
C 


WP2D: 
DDR Write Signal 
WP2 
: Port Write Signal 
RP2 
: Port Read Signal 


Timer 
1 
Input Capture Input 


have 
a register 
which 
enables 
output. 
By setting 
these 
registers, 


they automatically 
will be output 
pins of timer 
or the SCI. 


.Ii!",~~ ~._T~~,:r _2_and SCI 
,, 


I 
I 
I 
Output Data 


Output Enable Signal 
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P22lSCLKl 
P" is also used as a clock I/O pin for the SCI. It is selected as a 


clock input or output pin by the operating mode of the SCI. It is usa- 


S R, R, 
Q 
D 


P" 
DDR 
C 


WP2D 


Q 
D 
P" 
DATA 
C 


Pn lRxl. P27 (TCLKI 


P" and P" are also used as received data input pins for the SCI 


and external clock input pins for Timer 2. The SCI and Timer 2 
have registers which enable input. If the registers are set, the DDR 
(P'3 DDR, P'7 DDR) are cleared and P'3 and P'7 will be input 
pins for Rx and TCLK. 


R, 
R, 
Q 
D 
P"OOR 
C 


WP20 


Q 
0 
P"OATA 
C 


WP2 


ble as an I/O port when the SCI has no clock input or output (as an 
output port if P" DDR= I, as an input port if P" DDR=O). 


SCI 
r---------- 
I 
I,, 
Clock Input Enable signal 


Output Clock 
Clock Output Enable signal 
Input Clock 


Since the SCI willbe a clocked synchronous mode by an external 
clock-input during reset, the DDR of P" is cleared automatically 
and P" is an input port. Set the SCI to a mode where P" is not used 
(CCOor CCI of the RMC Register is "0" or "I" 
respectively) and 
write "I" 
to the P" DDR to make P" an output port. 


Input Enable signel 
SCI Receive Data, 
Timer 2 External Clock 


PORT2 DDR ($0001) 
(Write only. $00 
during reset) 


PORT2 ($00031 
(R/W, 
not ini- 
tialized during 
reset.) 
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• 
Port 6 
An 8-bit I/O port. The DDR of port 5 controls I/O state. Each bit 


of port 5 has a DDR which defines I/O state ("0" for input and "I" 
for output). 


During reset, the DDR of port 5 is cleared and port 5 becomes 


an input port. 


Port 5 is also usable as IRQ"l-RQ., HALT, MR and the strobed 


signal of port 6 for handshake (IS, OS). It is set to input or output 
automatically if it is used as these control signal pins (except p••, 
lID. Since the DDR of port 5, as is port 2, is set or reset by the con- 
trol signal, I/O directions of the I/O ports are retained after the con- 
trol signal is disabled. Port 5 can drive one TIL load and 90pF ca- 
pacitance. 


R, 
R, 
a 
D 
p," DDR 


C 


WP5D 


a 
D 
p," DATA 


C 


P60 (IRQ,). 
P6, 
(lRQ2) 
p•• and P" are also usable as interrupt pins. The RAM/port 5 


control registers of IRQ, and ~ 
have enable bits (IQIE, IQ2E). 


When these bits are set to "I", 
p•• and P" willautomatically be in- 


terrupt input pins. 


P62 (MR). P63 (HALT) 
~ 
and P53 are also usable as MR and HALT inputs. MR and 


HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as lRQl and IRQ,. Since MRE is cleared during reset, P" is 
usable as an I/O port, and HLTE is set during reset, the DDR ofP53 
will be automatically reset to be a HALT input pin. HLTE of the 
RAM/Port 5 Control Register has to be cleared to use P53 as an I/O 
port. 


WP5D: 
DDR Write signal 
WP5 
. Port Write signal 


RP5 
Port Read signal 


RAM/PORT 
5 Control 


Register 


P64 (is) 
_ 


p•• is also usable as the input strobe (IS) for port 6 handshake 


interface. This pin, as is P,o, is always an I/O port. IfP •• is used as an 


RES 


R 
a 
D 
P,. DDR 


C 


WP5D 


a 
D 
P,. DATA 
C 


RP5 
WP5 
-L 


output port (set the DDR ofP •• to "I"), 
an output signal from p•• 


will be the input to IS. 


@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


P66 (OS) 
_ 


P" is also usable 
as the output 
strobe 
(OS) for por.!...§.handshake 


interface. 
It will be an I/O port during 
reset, 
and an OS output 
pin 


by selling 
the lJS enable 
register 
(OS E) of the port 6 Control 
Status 
Register 
(P6CSR). 


RES 


S 
'" 
Q 
:> 
D 
Q) 
P., DDR . 
~ 
C 
., 
0 


WP5D 
n;"0; 
Q 
D 
E 
P.,DATA 


C 


WP5 


Port 
6 Control/Status 
Register 
r---- 
- ----- 
I 
I 
I 
OS 


OSE (a' : OS output 
) 
: OS output 
disable 


PSI' PI7 


p •• and P57 are I/O ports. 


RES 


R 
Q 
D 
P" 
DDR 
C 
'" 
:> 
WP5D 
Q)., 
10 
Q 
D 
0 


P" 
DATA 
n; 
c: 
C 
0; 


WP5 
E 


PORT5 OOR(50020) 
(Write onlv. 500 
during 
reset.) 


PORT5 (50015) 
(RIW. not ini- 
tialized 
during 
reset.) 
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• 
Port 6 
8-bit 110 port. Port 6 DDR 
controls 
110 state. Each bit of port 6 


has a DDR 
and designates 
input or output 
("0" 
for input, 
"1" 
for 


output). 
During 
reset, 
Port 6 DDR 
is cleared and port 6 becomes 
an 


input 
port. 


R 
Q 
D 
p," DDR 
C 


WP6D 


Q 
D 
p," DATA 
C 


R 5 


R 
D 
Q 
15 LATCH 
C 


WP6 
RP6 
-.L 


• 
BUS 
• 
Address Bus (Ao - 
Aul 


Address 
Bus (A, - 
A15) is used for addressing 
the memory 
and 


peripheral 
LSI. 


This bus can interface 
with the bus of HMCS 
6800 and drive one 
TTL 
load and 90pF capacitance. 


• 
Data Bus (Do - 
07) 


8-bit parallel 
data bus for data transmit 
between 
the memory 
or 


peripheral 
LSI. This bus can drive 
one TTL load and 90pF capaci- 
tance. 


• 
RAM/PORT 5 CONTROL REGISTER 
The control 
register 
located at $0014 controls 
on-chip 
RAM 
and 


port 5. 


Bit O. Bit 1 iRCf,. IRQ2Enable Bit (IRQ,E.IRQ2E) 


When 
using P" and PSI as interrupt 
pins, write "1" 
in these bits. 
When 
the bit is set to "I", 
the DDRs 
corresponding 
to P"and 


Port 6 controls 
parallel 
handshake 
interface 
besides 
functions 
as 


an 110 port. Therefore, 
it provides 
DDRs 
to control 
and IS LATCH 


to latch the input 
data. 


Port 6 can drive one TTL load and 30pF capacitance. 
It can drive 


directly 
the base of Darlington 
transistor 
as port 2. 


WP6D: 
DDR Write 
signal 
WP6 
: Port 
Write 
signal 
RP6 
. Port 
Read 
signal 


Port 
6 
Control 
Status 
Register 


PORT6 OOR1$0016) 
IWrite onlv. $00 
during 
reset.) 


PORT6 1$00171 
(RIW. not ini- 
tialized 
during 
reset.! 


p,. 
are cleared 
and 
become 
IRQ, 
input 
pin and TI«J, input 
pin. 


When 
IRQ. E and IRQ,E 
are set, P" and P" cannot 
be used as an 


output 
ports. When 
"0", 
the CPU doesn't 
accept an external 
inter- 


rupt or a sleep cancellation 
by the external 
interrupt. 
These 
bits are 


cleared 
during 
reset. 


Bit 2 Memory Ready Enable Bit IMRE) 
When 
using P" as an input 
pin of the "memory 
ready" 
signal, 


write 
"1" 
in this bit. When 
set, 
P" 
DDR 
is automatically 
cleared 


and becomes 
the MR 'input 
pin. The 
bit is cleared 
during 
reset. 


Bit 3 Halt Enable Bit (HLTE) 
When 
using P" as an input pin of the HALT 
signal, 
write "1" 
in 


this bit. When 
this bit is set, P" 
DDR 
is automatically 
cleared 
and 


becomes 
the Halt input 
pin. If the bit is "0", 
the Halt function 
is 


inhibited 
and P" is used as an 110 port. The bit is set to "I" 
during 


reset. 


Bit 4 Auto Memory Ready Enable Bit (AM REI 
When 
the bit is set and the CPU accesses 
the external 
address, 


"memory 
ready" 
operates 
automatically 
and stretches 
the E clock's 
"High" 
duration 
for one system 
clock. 
When 
MRE 
bit of bit 2 is 


cleared 
and when the CPU accesses 
the external 
address 
space, 
the 


function 
operates. 
When 
MRE bit is set and then the CPU accesses 


the external 
address 
space 
with P,,(MR) 
pin in "low", 
"memory 


ready" 
operates 
automatically. 
This bit is sel to "1" 
during 
reset. 
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MRE 
AMRE 
Function 


0 
0 
"Memory 
ready" 
inhibited. 


0 
1 
When 
the CPU accesses 
the external 
address, 
"High" 
duration 
of E clock automatically 
becomes 
one-cycle 


longer. This state 
is retained 
during reset. 


1 
0 
"Memory 
ready" 
operates 
by PS2 (MR) pin. The function 
is the same 
as that of the HD6301 
XO. 


When 
the CPU accesses 
the external 
address 
space 
with the PS2 (MRI pin in "low", 
the "auto 
memory 
1 
1 
ready" 
operates. 
This function 
is effective 
if it has both "high-speed 
memory" 
and "slow 
memory" 


outside. 
Input CS signal of "slow 
memory" 
to MR pin. 


Bit 
& Stendby 
Fleg ISTBY FLAG) 


By clearing 
this flag, HD6303Y 
gets into the standby 
mode 
by 


software. 
This flag is set to "I" 
during 
reset, so the standby 
mode 
is 


canceled 
with RES" pin in "low". 
The RES' pin should 
be in "low" 


until oscillation 
becomes 
stable 
(min. 20ms,). 
If the STIiY pin in is 


in "low", 
the standby 
mode 
can not be canceled 
with the RES pin 


in ulow". 


Bit 6 RAM Eneble 
(RAMEl 


On-chip 
RAM 
can be disabled 
by this control 
bit. By resetting 


the MPU, 
"I" 
is set to this bit, and on-chip 
RAM is enabled. 
When 


Address 


Bus 


(b) MRE=l, 
AMRE=l 


E 


Address 


Bus 


MR 
(CS pin of "slow 
memory") 


this bit is cleared 
(=Iogic 
"0") 
on-chip 
RAM 
is invalid 
and 
the 


CPU can read data from external 
memory. 
This bit should 
be "0" 


before 
getting 
into the standby 
mode 
to protect 
on-chip 
RAM 
data. 


Bit 7 Stendby 
Power 
Bit (STBY PWR) 


When 
Vcc is not provided 
in standby 
mode, 
this bit is cleared. 


This is a flag for read/write 
and can be read by software. 
If this bit is 


set before 
standyby 
mode, 
and 
remains 
set even 
after 
returning 


from standby 
mode, 
Vcc voltage 
is provided 
during 
standby 
mode 
and the on-chip 
RAM 
data is valid. 


Address 
Bus 


• 
Port 
6 Control/Stetus 
Register 


This is the Control/Status 
Register 
for parallel 
handshake 
inter- 


face using 
Port 6. The functions 
are as follows; 


I) Latches 
input 
data to Port 6 at the IS (P,,) 
falling edge. 


2) Outputs 
a strobe 
signal OS (P,,) 
outward 
by reading 
or writ- 


ing to port 6. 
3) When 
IS FLAG 
is set at the IS falling edge, an interrupt 
oc- 


curs. 
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Bit 0 
Bit 1 
Bit 2 


Bit 3: Latch Enabla 
This register controls the input latch for Port 6 (ISLATCH). 


When this bit is set to "1", the input data to port 6 will be latched 
inward at the IS (P,,) falling edge. An input latch willbe canceled by 
reading Port 6, which enables to latch the next data. If cleared, the 
input latch remains canceled and this bit functions as a usual input 
port. This bit is cleared during reset. 


Bit 4: OSS 
Output Stroba Select 


This register initiates an output strobe (OS) from P" by reading 


or writing to port 6. When cleared, OS occurs by reading Port 6. 
When set, OS occurs by writing to Port 6. This bit is cleared during 
reset. 


Bit 6: OSE 
Output Strobe Enable 


This register decides the enabling or disabling of the output 


strobe. When cleared, P" functions as an I/O port. When set, P" 
functions as an US output pin. (P" DDR is set by OSE.) This bit is 
cleared during reset. 


Bit 6: IS IRQ, Enable 
Input Strobe Interrupt Enable 
When set, an IRQ, interrupt to the CPU occurs by setting IS 


FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 


Bit 7: IS Flag 
Input Strobe Flag 
This flag is set at the IS (P,,) falling edge. This flag is for read- 


only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 


• 
MEMORY MAP 
The MPU can address up to 65k bytes. Memory map is shown in 


Fig. 20. 40 addresses ($0000 - 
$0027 except $00, $02, $04, $05, 


$06, $07, $18) are the internal registers as shown in Table 4. 


PORT 
5 
~•••,""J 
Mill Hill 
,"OJ 


HD6303Y 


MPU 
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Address 
Register 
Abbreviation 
RfW" 
Initialized value 
during reset'" 


00' 
Port 1 DDR (Data Direction Register) 
P1DDR 
W 
$FE 


01 
Port 2 DDR 
P2DDR 
W 
$00 


02' 
Port 1 
PORT1 
RfW 
indefinite 
03 
Port 2 
PORT2 
RfW 
indefinite 
04' 
Port 3 DDR 
P3DDR 
W 
$FE 


05' 
Port 4 DDR 
P4DDR 
W 
$00 


06' 
Port 3 
PORT3 
RfW 
indefinite 
or 
Port 4 
PORT4 
RfW 
indefinite 
08 
Timer ControlfStatus 
Register 1 
TCSR1 
RfW 
$00 


Og 
Free Running Counter (MSB) 
FRCH 
RfW 
$00 


OA 
Free Running Counter (lSB) 
FRCl 
RfW 
$00 


OB 
Output Compare Register 1 (MSB) 
OCR1H 
RfW 
$FF 
OC 
Output Compare Register 1 (lSB) 
OCR1l 
RfW 
$FF 


OD 
Input Capture Register (MSB) 
ICRH 
R 
$00 


OE 
Input Capture Register (lSB) 
ICRl 
R 
$00 


OF 
Timer ControlfStatus 
Register 2 
TCSR2 
RfW 
$10 


10 
RatefMode Control Register 
RMCR 
RfW 
$CO 


11 
TxfRx Control Status Register 1 
TRCSR1 
RfW 
$20 


12 
Receive Data Register 
RDR 
R 
$00 
13 
Transmit Data Register 
TDR 
W 
indefinite 
14 
RAMfPort 
5 Control Register 
RP5CR 
RfW 
$F80r$78 
15 
Port 5 
PORT5 
RfW 
indefinite 
16 
Port 6 DDR 
P6DDR 
W 
$00 
17 
Port 6 
PORT6 
RfW 
indefinite 
18 
Port 7 
PORT7 
RfW 
indefinite 
19 
Output Compare Register 2 (MSB) 
OCR2H 
RfW 
$FF 


1A 
Output Compare Register 2 (lSB) 
OCR2l 
RfW 
$FF 


1B 
Timer ControlfStatus 
Register 3 
TCSR3 
RfW 
$20 
1C 
Time Constant Register 
TCONR 
W 
$FF 


1D 
Timer 2 Up Counter 
T2CNT 
RfW 
$00 
1E 
TxfRx Control Status Register 2 
TRCSR2 
RfW 
$28 


1F•••• 
Test Register' 
TSTREG 
- 
- 
20 
PORT 5 DDR 
P5DDR 
W 
$00 


21 
PORT 6 ControlfStatus 
Register 
P6CSR 
RfW 
$07 
22 
- 
- 
- 
- 


23 
- 
- 
- 
- 
24 
- 
Reserved 
- 
- 
- 


25 
- 
- 
- 
- 


26 
- 
- 
- 
- 


27 
- 
- 
- 
- 


• 
External address . 
•• 
A: Read-only register, W: Write-only 
register, RfW: ReadlWrite 
register . 
••• 
When empty bit is in the register, it is set to "," . 
•••• 
Register for test. Don't access this register. 
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Internal· 


Register 


External 
Memory 


Space 


Internal 
RAM 


256 Bytes 


External 
Memory 


Space 


°This mode 
does 
not 


include the addresses: 
$00, 
$02, 
$04, 
$05, 
$06, 
$07 
or $18 
which 
can be used externally. 


• 
TIMER 
1 
The HD6303Y 
provides 
a 16-bit programmable 
timer which can 


simultaneously 
measure 
an input waveform 
and generate 
two inde- 
pendent 
output 
waveforms. 
The pulse widths 
of both input/output 


waveforms 
vary from 
microseconds 
to seconds. 


Timer 
1 is configured 
as follows 
(refer to Fig. 22). 
Control/Status 
Register 
1 (8 bit) 
Control/Status 
Register 
2 (7 bit) 
Free 
Running 
Counter 
(16 bit) 
Output 
Compare 
Register 
1 (16 bit) 
Output 
Compare 
Register 
2 (16 bit) 
Input 
Capture 
Register 
(16 bit) 


• 
Free-Running 
Counter 
(FRCll$0009:000A) 


The 
key timer 
element 
is a 16-bit free-running 
counter 
driven 


and incremented 
by system 
clock. The counter 
value is readable 
by 
software 
without 
affecting 
the counter. 
The counter 
is cleared 
dur- 


ing 
reset. 
When 
writing to the upper byte ($09), 
the CPU writes the preset 


value 
($FFF8) 
into the counter 
(address 
$09, $OA) regardless 
of 


the write data value. But when writing to the lower byte ($OA) after 
the upper 
byte writing, 
the CPU writes not only lower byte data into 
lower 
8 bit, but also upper 
byte data into higher 
8 bit of the FRC. 
The counter 
will be as follows when the CPU writes to it by dou- 


ble store 
instructions 
(STD, 
STX, etc.) 


• 
Output 
Compare 
Register 
(OCR) 
I$OOOB. $OOOC; OCR1) 
($0019. 
$001A: 
OCRZ) 
The output 
compare 
register 
is a 16-bit read/write 
register 
which 
can control 
an output 
waveform. 
The data of OCR is always com- 


pared 
with the FRC. 
When 
the data matches, 
output 
compare 
flag (OCF) 
in the timer 


control/status 
register 
(TCSR) 
is set. If an output 
enable 
bit (OE) in 


the TCSR2 
is "I", 
an output 
level bit(OLVL) 
in the TCSR 
will be 


output 
to bit I (OCR 
I) and bit 5 (OCR 2) of port 2. To control 
the 


output 
level 
again 
by the 
next 
compare, 
the 
value 
of OCR 
and 


OL VL should 
be changed. 
The OCR is set to $FFFF 
at reset. The 
compare 
function 
is inhibited 
for a cycle just after a write to the up- 


per byte of the OCR or FRC. This is to set the 16-bit value valid in 
the counter 
register 
for compare. 
In addition, 
it is because 
counter 


is to set $FFF8 
at the next cycle of the CPU's 
upper 
byte write to 


the FRC. 


• 
For data write 
to the 
FRC 
or the OCR, 
2-byte 
transfer 
in- 


struction 
(such as STX, etc.) should 
be used. 


• 
Input 
Capture 
Register 
lICR) 1$0000 
: OOOE) 
The 
input 
capture 
register 
is a 16-bit 
read-only 
register 
which 
stores 
the FRC's 
value when external 
input signal transition 
gener- 


ates an input 
capture 
pulse. 
Such 
transition 
is controled 
by input 


edge bit (IEDG) 
in the TCSRI. 


In order 
to input the external 
input signal to the edge detector, 
a 


bit of the DDR 
corresponding 
to bit 0 of port 2 should 
be cleared 


("0"). 
When 
an input capture 
pulse occurs by external 
input signal 


transition 
at the next cycle of CPU's 
high-byte 
read of the ICR, the 


input capture 
pulse will be delayed 
by one cycle. In order 
to ensure 
the input 
capture 
operation, 
a CPU 
read of the ICR needs 
2-byte 
transfer 
instruction. 
The input pulse width should 
be at least 2 sys- 


tem cycles. This register 
is cleared 
($ססoo) 
during 
reset. 


• 
Timer 
Control/Status 
Register 
1 (TCSR1) 
I$OOOBI 


The timer control/status 
register 
1 is an 8-bit register. 
All bits are 


readable 
and the lower 5 bits are also writable. 
The upper 
3 bits are 


read-only 
which 
indicate 
the following 
timer 
status. 


Bit 5 
The 
counter 
value 
reached 
to $ססoo as a result 
of coun- 


ting:up 
(TOF). 


Bit 6 
A match 
has occurred 
between 
the FRC and the OCR 
1 
(OCFI). 


Bit 7 
Defined 
transition 
of the 
timer 
input 
signal 
causes 
the 


counter 
to transfer 
its data to the ICR 
(ICF). 


The followings 
are the each bit descriptions. 


Bit 0 
OLVL 1 Output 
Level 
1 
OLVLI 
is transferred 
to port 2, bit 1 when a match 
occurs be- 


tween 
the counter 
and the OCR I. Ifbit 
0 of the TCSR2 
(OEI). 


is set to "I", 
OLVLI 
will appear 
at bit I of port 2. 


Bit 1 
IEOG Input 
Edge 
This bit determines 
which edge, rising or falling, of input 
sig- 


nal of bit 0 of port 2 will trigger data transfer 
from the counter 
to 


the ICR. For this function, 
the DDR corresponding 
to port 2, bit 


o should 
be cleared 
beforehand. 


IEDG = 0, triggered 
on a falling edge 


("High" 
to "Low") 
IEDG= 
I, triggered 
on a rising edge 
("Low" 
to "High") 


Bit Z 
ETOI Enable 
Timer 
Overflow 
Interrupt 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
by TOI inter- 


rupt is enabled. 
When 
cleared, 
the interrupt 
is inhibited. 


Bit 3 
EOCI1 
Enable 
Output 
Compare 
Interrupt 
1 
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When 
this bit is set, an internal 
interrupt 
(IRQ,) 
by OCil 
in- 


terrupt 
is enabled. 
When 
cleared, 
the interrupt 
is inhibited. 
Bit 4 
EICI Enable 
Input 
Capture 
Interrupt 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
by ICI inter- 


rupt is enabled. 
When 
cleared, 
the interrupt 
is inhibited. 


Bit 5 
TOF Timer 
Overflow 
Flag 


This 
read-only 
bit'is 
set when 
the counter 
increments 
from 


$FFFF 
by 1. Cleared 
when 
the counter's 
MSB byte ($0009) 
is 


read by the CPU after the TCSR I read at TOF= 
1. 


Bit 6 
OCF1 
Output 
Compare 
Flag 
1 


This 
read-only 
bit is set when 
a match 
occurs 
between 
the 


OCRI 
and the FRC. Cleared 
when writing to the OCRI 
($OOOB 


or $OOOC) after the TCSRI 
or TCSR2 
read at OCF= 
1. 


Bit 7 
ICF Input 
Capture 
Flag 


This read-only 
bit is set when 
an input 
signal of port 2, bit 0 


makes 
a transition 
as defined 
by IEOG 
and the FRC is transfer- 


red to the ICR. Cleared 
when reading 
the upper byte ($0000) 
of 


the ICR after the TCSRI 
or TCSR2 
read at ICF= 
1. 


• 
Timer 
Control/Status 
Register 
2 (TCSR2) 
I$OOOF) 


The timer 
control/status 
register 
2 is a 7-bit register. 
All bits are 


readable 
and the lower 4 bits are also writable. 
But the upper 
3 bits 


are read-only 
which indicate 
the following 
timer 
status. 


Bit 5 
A match 
has occurred 
between 
the FRC 
and the OCR2 


(OCF2). 


Bit 7 
The same 
status 
flag as the ICF flag of the TCSRI, 
bit 7. 
The 
followings 
are the each 
bit descriptions. 


Bit 0 
OE 1 Output 
Enable 
1 
This bit enables 
the OLVLl 
to appear 
at port 2, bit I when 
a 
match 
has occurred 
between 
the counter 
and the output 
com- 
pare register 
I. When 
this bit is cleared, 
bit I of port 2 will be an 
I/O port. When 
set, it will be an output 
ofOLVLl 
automatically. 


Bit 1 
OE2 Output 
Enable 
2 
This bit enables 
the OLVL2 
to appear 
at port 2, bit 5 when 
a 
match 
has occurred 
between 
the counter 
and the output 
com- 
pare register 
2. When 
this bit is cleared, 
port 2, bit 5 will be an 1/ 
o port. When 
set, it will be an output 
ofOLVL2 
automatically. 
Bit 2 
OLVL2 Output 
Level 
2 
OLVL2 is transferred 
to port 2, bit 5 when a match 
has occur- 
red between 
the counter 
and the OCR2. 
If bit 5 of the TCSR2 
(OE2), 
is set to "I", 
OLVL2 
will appear 
at port 2, bit 5. 


Bit 3 
EOCI2 
Enable 
Output 
Compare 
Interrul2t 
2 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
by OCI2 in- 
terrupt 
is enabled. 
When 
cleared, 
the interrupt 
is inhibited. 
Bit 4 
Not used 
Bit 5 
OCF2 
Output 
Compare 
Flag 2 
This read-only 
bit is set when 
a match 
has occurred 
between 
the counter 
and the OCR2. 
Cleared 
when 
writing 
to the OCR2 
($0019 
or $001 A) after the TCSR2 
read at OCF2= 
1. 


Bit 6 
OCF1 
Output 
Compare 
Flag 
1 
Bit 7 
ICF Input 
Capture 
Flag 
OCFI 
and ICF are dual addressed. 
If which 
register, 
TCSR I 
or TCSR2, 
CPU reads, 
it can read OCFI 
and ICF to bit 6 and bit 
7. 
Both the TCSR I and TCSR2 
will be cleared 
during 
reset. 


(Note) 
IfOEI 
or OE2 is set to "I" 
before 
the first output 
com- 
pare match occurs after reset restart, 
bit I or bit 5 of port 2 
will produce 
"0" 
respectively. 
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• 
TIMER 2 
In addition 
to the timer 
I, the HD6303Y 
provides 
an 8-bit re- 
loadable 
timer, 
which is capable 
of counting 
the external 
event. 
The 


timer 
2 contains 
a timer 
output, 
so the MPU can generate 
three 
in- 
dependent 
waveforms. 
(Refer 
to Fig. 23,) 
The 
timer 
2 is configured 
as follows: 
Control/Status 
Register 
3 (7 bits) 
. 
8-bit Up Counter 


• 
Time 
Constant 
Register 
(8 bits) 


• 
Timer 2 Up Counter IT2CNT) 1$0010) 
This is an 8-bit up counter 
which operates 
with the clock decided 
by CKSO and CKSI 
of the TCSR3. 
The CPU can read the value of 
the counter 
without 
affecting 
the counter. 
In addition, 
any value 


can be written 
to the counter 
by software 
even 
during 
counting. 


The counter 
is cleared when a match occurs between 
the counter 


and the TCONR 
or during 
reset. 


If the write operation 
is made 
by software 
to the counter 
at the 
~~=~~h~~~~=~~~~~ 
data to the counter. 


• 
Time Constant Register (TCONR){$001CI 
The 
time 
constant 
register 
is an 8-bit write 
only 
register. 
The 
data of register 
is always compared 
with the counter. 


When 
a match 
has occurred, 
the counter 
match 
flag (CMF) 
of 


the 
timer 
control 
status 
register 
3 (TCSR3) 
is set and 
the 
value 


selected 
by TOSO and TOSI 
of the TCSR3 
will appear 
at port 2, bit 


6. When 
CMF is set, the counter 
will be cleared 
simultaneously 
and 


then 
start 
counting 
from 
$00. This enables 
regular 
interrupts 
and 


waveform 
outputs 
without 
any software 
support. 
The TCONR 
is set 


to "$FF" 
during 
reset. 


• 
Timer ContrOl/Status Register 3 (TCSR3) ($001B) 
The timer control/status 
register 
3 is a 7-bit register. 
All bits are 


readable 
and 6 bits except 
for CMF 
can be written. 


The 
followings 
are each pin descriptions. 


Timer Control/Status 
Register 
3 


Bit 0 
CKSOInput Clock Select 0 
Bit 1 
CKS1 Input Clock Select 1 
Input 
clock to the counter 
is selected 
as shown 
in Table 5 de- 


pending 
on these 
two bits. When 
an external 
clock is selected, 


bit 7 of port 2 will be a clock input automatically. 
Timer 
2 detects 


the rising edge of the external 
clock and increments 
the counter. 


The 
external 
clock is countable 
up to half the frequency 
of the 
system 
clock. 


Timerl 
FRC 


I 
I 


Port 
2 


Bit 7 


Port 
2 


Bit 6 
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CKS1 
CKSO 
Input Clock to the Counter 


0 
0 
Eclock 


0 
1 
Eclock/S" 


1 
0 
Eclock/12S" 


1 
1 
External clock 


These clocks come from the FRC of the timer 1. If one of these clocks is 
selected as an input clock to the up counter, the CPU should not write to 
the FRC of the timer 1. 


Bit 2 
TOSO Timer Output Select 0 


Bit 3 
TOS1 Timer Output Select 
1 


When a match occurs between the counter and the TCONR 


timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de- 
pending on these two bits. When both TOSOand TOSI are "0", 
bit 6 of port 2 will be an I/O porI. 


TOS1 
TOSO 
Timer Output 


0 
0 
Timer Output Inhibited 


0 
1 
Toggle Output" 


1 
0 
Output "0" 


1 
1 
Output "1" 


When a match occurs between the counter and the TeONR. 
timer 2 


output level is reversed. This leads to production of a square wave with 
50% duty to the external without any software support. 


Bit 4 
T2E Timer 2 Enable Bit 


When this bit is cleared, a clock input to the up counter is 


inhibited and the up counter stops. When set to "I", 
a clock 


selected by CKSI and CKSO(Table 5) is input to the up counter. 


(Note) 
P" outputs "0" when T2E bit cleared and timer 2 set in 
output enable condition by TOSI or TOSO.It also outputs 
"0" when T2E bit set" I" and timer 2 set in output ena- 
ble condition before the first counter match occurs. 


Bit 6 
Not Used. 


Bit 6 
ECMI Enable Counter Match Interrupt 


When this bit is set, an internal interrupt (IRQ,) by CMI is 
enabled. When cleared, the interrupt is inhibited. 


Bit 7 
CMF Counter Match Flag 


This read-only bit is set when a match occurs between the up 
counter and the TCONR. Cleared by writing "0" at CMF= I by 
software (unable to write "I" 
by software). 


Each bit of the TCSR3 is cleared during resel. 


• 
SERIAL COMMUNICATION INTERFACE(SCII 
The Serial Communication 
Interface (SCn in the HD6303Y 


contains the following two operating modes: asynchronous mode by 
the NRZ format, and clocked synchronous mode which transfers 
data synchronously with the clock. In the asynchronous mode, data 
length, parity bits and number of stop bits can be selected, and eiglit 
transfer formats are provided. 


The SCI consists of the following registers as shown in Fig. 24 
Block Diagram. 
Transmit/Receive Control Status Register I (TRCSRI) 
Rate/Mode Control Register (RMCR) 
Transmit/Receive Control Status Register 2 (TRCSR2) 
Receive Data Register (RDR) 
Recevie Shift Register 
Transmit Data Register (TOR) 
Transmit Shift Register 
To operate the SCI, initialize the RMCR and TRCSR2, after 
selecting the desirable operating mode and transfer formal. Next, 
set the enable bit (TE or RE) of the TRCSRI. Operating mode and 
transfer format should be changed when the enable bit (TE, RE) is 
cleared. When selling the TE or RE again after changing the operat- 
ing mode or transfer format, interval of more than a I-bit cycle of 
the baud rate or bit rate is necessary. If a I-bit cycle or more is not 
allowed, the SCI block may not be initialized. 


Figure 24 
SCI BlockDiagram 
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• 
Asynchronous 
Mode 


Asynchronous mode contains 8 transfer formats as shown in 


Fig. 25. 


Data transmission is enabled by selling TE bit of the TRCSRI, 
then port 2, bit 4 will unconditionally become a serial output inde- 
pendently of the corresponding DDR. 
To transmit data, set the desirable transmit format with RMCR 


and TRCSR2. When the TE bit is set, the data can be transmilled 
after transmilling the one frame of preamble ("I "). 
The conditions at this stage are as follows. 
I) If the TDR is empty (TDRE= I), consecutive I's are pro- 


duced to indicate the idle state. 


2) If the TDR contains data (TDRE=O), 
data is sent to the 


Transmit Shift Register and data transmit starts. 


During data transmit, a start bit of "0" is transmilled first. Then 


7-bit or 8-bit data (starts from bit 0) is transmilled. With PEN= I, 
the parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (I bit or 2 bis) is sent. 


When the TDR is "empty", hardware sets TDRE flag bit. If the 


CPU doesn't respond to the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans- 
mit data register to the transmit sift register), "I" 
is transferred in- 


stead of the start bit "0" and continues to be transferred till data is 
provided to the data register. While the TDRE is "I", 
"0" is not 


transferred. 
Data receive is possible by selling RE bit. This makes port 2, 
bit 3 a serial input. The operation mode of data receive is decided by 


the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSRI. The first "0" 
(space) synchronizes the receive bit flow. 


Each bit of the following data will be strobed in the middle. If a stop 
bit is not "I", 
a framing error assumed and ORFE is set. 


When a framing error occurs, receive data is transferred to the 


Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 


When PEN bit is set, the parity check is done. If the parity bit 


does not match the EOP bit, a parity error occurs and the PER bit is 
set, not the RDRF bit. Also, when the parity error occurs the re- 
ceive data can be read just like in the case of the framing error. 


The RDRF flag is set when the data is received without a fram- 


ing error and a parity error. 


If RDRF is still set when receiving the stop bit of the next data, 


ORFE is set to indicate the overrun generation. CPU can get the re- 
ceive data by reading RDR. When 7 bit data format is selected, the 
8th bit of RDR is "0". 


When the CPU read the receive Data Register as a response to 


RDRF flag or ORFE flag after having read TRCSR, RDRF or 
ORFE is cleared. 
(Note) 
Clock Source in Asynchronous Mode 


If CCI:CCO= 10, the internal bit rate clock is provided at P" 
regardless of the values for TE or RE. Maximum clock rate is 
E+16. 
If both CCI and CCOare set, an external TTL compatible clock 
must be connected to P" at sixteen times (I 6x ) the desired bit 
rate, but not greater than E. 


(1) 
ISTARTI 
7Bit Data 
STOP 


(2) 
ISTARTI 
7Bit Data 
2 STOP 


(3) 
ISTARTI 
lBit 
Data 
IPARITY I STOP I 


(4) ISTARTI 
lBit 
Data 
IPARITY I 
2 STOP 


(5) ISTART I 
SBit Data 
I STOP I 


(6) 
I START I 
SBit Data 
2 STOP 


(7) ISTARTI 
SBit Data 
IPARIT3 
STOP I 


(8) I START I 
BBit Data 
IPARIT~ 
2 STOP 


Figure 25 
Asynchronous Mode Transfer Format 


• 
Clocked Synchronous 
Mode 


In the clocked synchronous mode, data transmit is synchronized 


with the clock pulse. The HD6303Y SCI provides functionally inde- 
pendent transmiller and receiver which makes full duplex operation 
possible in the asynchronous mode. But in the clocked synchronous 
mode an SCI clock I/O pin is only P", so the simultaneous receive 
and transmit operation is not available. In this mode, TE and RE 
should not be in set condition ("I") 
simultaneously. Fig. 26 gives a 


synchronous clock and a data format in the clocked synchronous 
mode. 
I) Data transmit 
Data transmit is realized by setting TE bit in the TRCSR I. Port 


2, bit 4 becomes an output unconditionally independent of the 
value of the corresponding DDR. 


Both the RMCR and TRCSR should be set in the desirable oper- 


ating condition for data transmit. 


When an external clock input is selected and the TDRE flag is 


"0", data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 


Data is transmitted from bit 0 and the TDRE is set when the 


Transmit Shift Register (TSR) is "empty". 
More than 9th clock 


pulse of external are ignored. 


When data transmit is selected to the clock output, the MPU 


produces transmit data and synchronous clock at TDRE flag clear. 
2) Data receive 
Data receive is enabled by setting RE bit. Port 2, bit 3 will be a 


serial input. The operating mode of data receive is decided by the 
TRCSRI and the RMCR. 
If the external clock input is selected, 8 external clock pulses and 


the synchronized receive data are input to port 2, bit 2 and bit 3 re- 
spectively. The MPU put receive data into the receive data shift reg- 
ister by this clock and set the RDRF flag at the termination of 8 bit 
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data 
receive. 
More 
than 
9th clock pulse 
of external 
input 
are ig- 


nored. 
When 
RDRF 
is cleared, 
the MPU 
starts 
receiving 
the next 


data instantly. 
So, RDRF 
should 
be cleared 
with P" 
"High". 
When 
data 
receive 
is selected 
with 
the 
clock 
output, 
8 syn- 


chronous 
clocks are output 
to the external 
by selling 
RE bit. So re- 


ceive 
data should 
be input 
from 
external 
synchronously 
with this 
clock. 
When 
the first byte data 
is received, 
the RDRF 
flag is set. 


After 
the second 
byte, 
receive 
operation 
is performed 
by sending 
the synchronous 
clock to the external 
after clearing 
the RDRF 
bit. 


• Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 


• Receive data is latched at the rising edge. 


• 
Transmit/Receive 
Control 
Status 
Register 
(TRCSR1) 


($0011) 
The TRCSR 
\ is composed 
of 8 bits which are all readable. 
Bits 0 


to 4 are slso writable. 
This register 
is initialized 
to $20 during 
reset. 


Each bit functions 
are as follows. 


Bit 0 
WU 
Wake-up 


\n a typical 
multi-processor 
configuration, 
the software 
pro- 


tocol 
provides 
the 
destination 
address 
at the 
first byte 
of the 


message. 
\n order 
to make 
uninterested 
MPU 
ignore 
the 
re- 


maining 
message, 
a wake-up 
function 
is available. 
By this, unin- 


terested 
MPU 
can inhibit 
all further 
receive 
processing 
till the 


next 
message 
starts. 
Then 
wake-up 
function 
is triggered 
by consecutive 
I's with I 


frame 
length. 
The software 
protocol 
should 
provide 
the idle time 


between 
messages. 
By selling 
this bit, the MPU 
stops 
data 
receive 
till the next 


message. 
The receive 
of consecutive 
"\" 
with one frame length 


wakes 
up and clears this bit by hardware 
and then the MPU re- 


starts receive 
operation. 
However, 
the RE flag should 
be already 


set before 
selling 
this bit. In the clocked synchronous 
mode 
WU 


is not available, 
so this bit should 
not be set. 


Bit 1 
TE 
Transmit 
Enable 


When 
this bit is set, transmit 
data will appear 
at port 2, bit 4 


after 
one 
frame 
preamble 
in 
asynchronous 
mode, 
while 
in 


clocked 
synchronous 
mode 
it appears 
immediately. 
This 
is ex- 


ecuted 
regardless 
of the value of the corresponding 
DDR. 
When 


TE is cleared, 
the serial 
110 doesn't 
affect port 2, bit 4. 
Bit 2 
TIE 
Transmit 
Interrupt 
Enable 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
is enabled 


when 
TORE 
(bit 
5) 
is set. 
When 
cleared, 
the 
interrupt 
is 
inhibited. 


Bit 3 
RE 
Receive 
Enable 


When 
set, a signal 
is input 
to the receiver 
from 
port 2, bit 3 


regardless 
of the value 
of the 
DOR. 
When 
RE is cleared, 
the 


serial 
I/O doesn't 
aflTect port 2, bit 3. 


Bit 4 
RIE 
Receive 
Interrupt 
Enable 


When 
this bit is set, an internal 
interrupt 
(IRQ,) 
is enabled 


when 
RORF 
(bit 7) or ORFE 
(bit 6) is set. When 
cleared, 
the 


interrupt 
is inhibited. 


Bit I; 
TORE 
Transmit 
Data 
Register 
Empty 
TORE 
is set by hardware 
when the TOR 
is transferred 
to the 
Transmit 
Shift 
Register 
in the 
asynchronous 
mode, 
while 
in 


clocked 
synchronous 
mode 
when 
the TOSR 
is "empty". 
This 
bit is cleared 
by reading 
the TRCSR 
I or TRCSR2 
and writing 
new transmit 
data to the TOR 
when 
TORE= 
\ TORE 
is set to 


U I" 
during 
reset. 


Bit 6 
ORFE 
Overrun 
Framing 
Error 
ORFE 
is set by hardware 
when an overrun 
or a framing 
error 
is generated 
(during 
data-receive 
only). 
An overrun 
error occurs 
when 
new 
receive 
data 
is ready 
to be transferred 
to the 
RDR 
during 
RDRF 
still being set. A framing 
error occurs when a stop 
bit is "0". 
But in clocked 
synchronous 
mode, 
this bit is not af- 
fected. 
This bit is cleared 
by reading 
the TRCSR \ or TRCSR2, 
and the RDR, 
when 
RORF= 
\. ORFE 
is cleared 
during 
reset. 


Bit 7 
RDRF 
Receive 
Data 
Register 
Full 
RORF 
is set by hardware 
when data is received 
normally 
and 
transferred 
from the Receive 
Shift Register 
(RSR) 
to the RDR. 
This 
bit is cleared 
by reading 
TRCSR \ or TRCSR2, 
and 
the 
ROR, 
when 
RDRF= 
1. This bit is cleared 
during 
reset. 


• 
Transmit 
Rate/Mode 
Control 
Register 
(RMCR) 


The 
RMCR 
controls 
the following 
serial I/O: 


Baud 
Rate 
Data 
Format 


. Clock source 
. Port 2, Bit 2 Function 


. Operation 
Mode 
All bits are readable/writable. 
Bit 0 to 5 of the RMCR 
are cleared 
during 
reset. 


Bit 0 
Bit 1 
Bit I; 


These 
bits control 
the baud 
rale used for the SCI. Table 
7 lists 


the available 
baud rates. The timer 
I FRC 
(S52= 
0) and the timer 2 


up counter 
(S52= 
I) provide 
the internal 
clock to the 5CI. When 
selecting 
the timer 
2 as a baud 
rate clock source, 
it functions 
as a 
baud 
rate generator. 
The 
timer 
2 generates 
the baud 
rate listed 
in 
Table 
8 depending 
on the value of the TCONR. 
(Note) 
When 
operating 
the SCI with internal 
clock, 
do not per- 
form 
write 
operation 
to the 
timer/counter 
which 
is the 
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XTAl 
2.4576MHz 
4.0MHz 
4.9152MHz 


552 
551 
550 
E 
614.4kHz 
1.0MHz 
1.2288MHz 


0 
0 
0 
E: 16 
26,15/384008aud 
16#s/62500Baud 
13Jls/76800Bauu 


0 
0 
1 
E~ 128 
208/ls/4800Baud 
128/ls/7812.5Baud 
104 2 jls/9600Baud 


0 
1 
0 
E~ 1024 
1.67ms/600Baud 
1 024ms/976.6Baud 
833.3,us/1200Baud 


0 
1 
1 
E.;.4096 
667ms/150Baud 
4 096ms1244 
1 Baud 
3.333ms/300Baud 


1 
- 
- 
- 
. 
• 
• 


( 


f: 
i~put 
clock 
frequency 
to the) 
timer 
'2 counter 


N = 0 - 255 


xrAl 
40MHz 
6.0MHz 
BOMHz 


552 
551 
550 
E 
1.0MHz 
1.5MHz 
2,OMHz 


0 
0 
0 
E:2 
2JIS/bll 
1 33.uslbit 
l,uslbit 


0 
0 
1 
E';'16 
16.us/bit 
107.us/b1t 
B.us/bit 


0 
1 
0 
E';'128 
128.uslbit 
85.3.uslblt 
64,lls/bit 


0 
1 
1 
E.;.512 
512J1slblt 
341,IS/bit 
256,us/bit 


1 
- - 
- 
.. 
•• 
• • 


•• The bit rate is shown as follows with the TCONR as N. 


Bit Rate ()lstbit) 
= 4 (N 
f 
+I) 
(f: 
input clock frequency to the) 
timer 2 counter 


N = 0 - 255 


~l 
2.4576MHz 
36864MHz 
4.0MHz 
4.9152MHz 
8.0MHz 
elud 
Rite (Ba 


110 
21' 
32' 
35' 
43' 
70' 
150 
127 
191 
207 
255 
51' 


300 
63 
95 
103 
127 
207 
600 
31 
47 
51 
63 
103 
1200 
15 
23 
25 
31 
51 
2400 
7 
11 
12 
15 
25 
4800 
3 
5 
- 
7 
12 
9600 
1 
2 
- 
3 
- 
19200 
0 
- 
- 
1 
- 
38400 
- 
- 
- 
0 
- 
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Bit 2 
Bit 3 
Bit 4 


These 
bits control 
the data format 
and the clock source 
(refer to 


Table 9). 
• 
CCO, CCI 
and CC2 
are cleared 
during 
reset 
and the MPU 


goes to the clocked 
synchronous 
mode 
of the external 
clock 


operation. 
Then 
the MPU automatically 
set port 2, bit 2 into 
the clock input 
state. 
When 
using port 2, bit 2 as an output 


port, 
the DDR 
of port 2 should 
be set to "I" 
and CCI 
and 


CCO to "0" 
and "I" 
respectively. 


• 
Transmit/Receive 
Control 
Status 
Register 
2 (TRCSR2) 


The TRCSR2 
is a 7-bit register 
which can select a data format 
in 


the asynchronous 
mode. 
The upper 
3 bits are the same 
address 
as 


the TRCSRI. 
Therefore, 
the RDRF, 
ORFE 
and TDRE 
can be read 


by either 
the TRCSR 
I or TRCSR2. 
Bits 0 to 2 of the TRCSR2 
are 


used 
for read/write. 
Bits 4 to 7 are used only for read. 


Bit 0 
SBL 
Stop 
Bit Length 


This bit selects 
the stop bit length 
in the asynchronous 
mode. 


If this bit is "0", 
the stop bit is I-bi\. If" I", 
the stop bit is 2-bi\. 


This 
bit is cleared 
during 
reset. 


Bit 1 
EOP 
Even/Odd 
Parity 


This 
bit selects 
the 
parity 
generated 
and 
checked 
when 
the 


PEN is "I". 
If this bit is "0", 
the parity is even. 
If" I ", it is odd. 


This bit is cleared 
during 
reset. 


Bit 2 
PEN 
Parity 
Enable 
This 
bit decides 
whether 
the parity 
bit should 
be generated 
and checked 
in the asynchronous 
mode 
or not. If this bit is "0", 


the parity bit is neither 
generated 
nor checked. 
If "I", 
it is gen- 
erated 
and checked. 
This bit is cleared 
during 
reset. 


The 3 bits above do not affect the SCI opertion 
in the clocked 
synchronous 
mode. 


Bit 3 
Not Used 
Bit 4 
PER 
Parity 
Error 
This bit is set when 
the PEN is "I" 
and a parity error 
occurs. 


It is cleared 
by reading 
the 
RDR 
after 
reading 
the 
TRCSR2, 


when 
PER= 
I. 


Bit 5 
TORE 
Transmit 
Data Register 
Empty 


Bit 6 
OR FE 
Overrun/Framing 
Error 
Bit 7 
RORF 
Receive 
Data 
Register 
Full 
• 
Each flag of the TDRE, 
ORFE, 
and RDRF 
can be read from 


either 
the TRCSRI 
or TRCSR2 . 


• 
TIMER. 
SCI STATUS 
FLAG 
Table 
10 shows 
the set and reset conditions 
of each status 
flag in 
the timer 
I, timer 
2 and SCI. 


CC2 
CCI 
CCO 
Format 
Mode 
Clock Source 
Port 
2, Bit 2 
Port 
2, Bit 3 
I 
Port 
2, Bit 4 


0 
0 
0 
a·bit data 
Clocked 
Synchronous 
External 
Input 


0 
0 
I 
a-bit 
data 
Asynchronous 
Internal 
Not 
Used" 


0 
I 
0 
a-bit data 
Asynchronous 
Internal 
Output* 
When 
the TACSR1, 
RE bit 
is "''', 


bit 3 is used as a serial input. 


0 
1 
I 
a·bit data 
Asynchronous 
External 
Input 


I 
0 
0 
a-bit data 
Clocked 
Synchronous 
lnu:rnal 
Output 


I 
0 
1 
7-bit 
data 
Asynchronous 
Internal 
Not 
Used·· 


I 
1 
0 
7·bit data 
Asynchronous 
Internal 
Output- 
When 
the 
TRCSR1, 
TE bit is "I", 


bit 4 is used as a serial output. 


I 
1 
I 
7-bit data 
Asynchronous 
External 
Input 
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Set Condition 
Clear Condition 


P6CSR 
IS FLAG 
Falling edge input to PS4 (is) 
1. 
Read the P6CSR then read or write the 
PORT6, when IS FLAG = 
1 


2. 
RES = 0 


ICF 
FRC - 
ICR by Rising or Falling edge input to 
1. 
Read the TCSR 1 or TCSR2 then ICRH, 


P20 
when ICF = 
1 
(Selecting with the IEOG bid 
2. 
RES = 0 


OCF1 
OCR1 = FRC 
1. 
Read the TCSR 1 or TCSR2 then write to 
theOCR1HorOCR1L,whenOCF1 
= 
1 


2. 
RES = 0 


Timer 
OCF2 
OCR2 = FRC 
1. 
Read the TCSR2 then write to the OCR2H 


1 
or OCR2L, when OCF2 = 
1 


2. 
RES = 0 


TOF 
FRC = $FFFF+ 1 cycle 
1. 
Read the TCSR 1 then FRCH, when 
TOF= 
1 


2. 
m=O 


Timer 
CMF 
T2CNT - 
TCONR 
1. 
Write "0" 
to CMF, when CMF - 
1 


2 
2. 
Rrn=O 


RORF 
Receive Shift Register - 
ROR 
1. 
Read the TRCSRI or TRCSR2 then ROR, 
when RORF = 
1 


2. 
RES = 0 


ORFE 
1. 
Framing Error (Asynchronous 
Mode) 
1. 
Read the TRCSR 1 or TRCSR2 then ROR,when 


Stop Bit = 0 
ORFE = 
1 


2. 
Overrun Error (Asynchronous 
Mode) 
2. 
m=O 
Receive Shift Register - 
RORwhen 


SCI 
RORF = 
1 


TORE 
1. 
Asynchronous 
Mode 
Read the TRCSR 1 or TRCSR2 then write to the 


TOR - 
Transmit Shift Register 
TOR, when TORE = 
1 


2. 
Clocked Synchronous 
Mode 
Transmit Shift Register is "empty" 


3. 
Jf£S'= 
0 


PER 
Perity when PEN= 1 
1. 
Read the TRCSR2 then ROR, when PER= 1 


2. 
m=O 


ICRH Upper byte of ICR 
OCR1H Upper byte of OCR1 
OCR2H Upper byte of OCR2 


OCR1L; Lower byte of OCRI 
OCR2L;Lower byte of OCR2 
FRCH;Upper byte of FRC 
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• 
LOW POWER DISSIPATION MODE 
The HD6303Y provides two low power dissipation modes; sleep 


and standby. 


• 
Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execution. 
In the sleep mode, the CPU stops its operation, while the registers' 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis- 
sipation of sleep-condition is one fourth that of operating condition. 
The MPU returns from this mode by an interrupt, RES or 


~ 
it goes to the reset state byRES and the standby mode by 


S'fnV. When the CPU acknowledges an interrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for ex- 
ample, if the timer I or 2 prohibits a timer interrupt, the CPU 
doesn't cancel the sleep mode because of no interrupt request. 


This sleep mode is effective to reduce the power dissipation for a 


system with no need of the HD6303Y's consecutive operation. 


•. Standby Mode 
The MPU goes to the standby mode with the -sTllY "Low" or 
by clearing the STBY flag. In this mode, the HD6303Y stops all the 
clocks and goes to the reset state. In this mode, the power dissipa- 
tion is reduced to several J.l.A. During standby, all pins, except the 
power supply (Vee, Vss), the STBY,RES and XTAL (which out- 
puts "0"), 
go to the high impedance state. In this mode, power 
(Vee) is supplied to the HD6303Y, and the contents of RAM is re- 
tained. The MPU returns from this mode during reset. When the 
MPU goes to the standby mode with STBY "Low", it willrestart at 
the timing shown in Fig. 27(a). When the MPU goes to the standby 
mode by clearing the STBY flag, it will restart only by keeping the 
ltES "Low" for longer than the oscillating stabilization time. (Fig. 
27(b)) 
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• 
TRAP FUNCTION 
The 
CPU 
generates 
an 
interrupt 
with 
the 
highest 
priority 


(TRAP) 
when 
fetching 
an undefined 
instruction 
or an instruction 


from 
non-memory 
space. 
The 
TRAP 
prevents 
the 
system-burst 


caused 
by noise 
or a program 
error. 


• 
Op Code Error 
When 
fetching 
an undefined 
op code, the CPU saves registers 
as 


well as a normal 
interrupt 
and 
branches 
to the 
TRAP 
(SFFEE, 
SFFEF). 
This 
has the priority 
next 
to reset. 


• 
Address Error 
When 
an instruction 
fetch 
is made 
from the address 
of internal 


register, 
the 
MPU 
generaters 
an interrupt 
as well as an op code 


error. 
But on the system 
with no memory 
in its external 
memory 


area, 
this function 
is not applicable 
if an instruction 
fetch 
is made 


from 
the external 
non-memory 
area. 
Addresses 
where 
an address 


error 
occurs 
are from 
SOOOOto Soo27. 
This function 
is available 
only for an instruction 
fetch and is not 
applicable 
to the access 
of normal 
data read/write. 


(Note) 
The TRAP 
interrupt 
provides 
a retry function 
differently 
from other 
interrupts. 
This is a program 
flow return 
to the 
address 
where 
the TRAP 
occurs 
when a sequence 
returns 
to a main 
routine 
from 
the 
TRAP 
interrupt 
routine 
by 


RTI. 
The 
retry 
can prevent 
the 
system 
burst 
caused 
by 
noise, etc. 
However, 
if another 
TRAP 
occurs, 
the program 
repeats 
the TRAP 
interrupt 
forever, 
so the consideration 
is neces- 
sary in programming. 


• 
INSTRUCTION SET 
The H06303Y 
provides 
object code upward 
compatible 
with the 
H06801 
to utilize 
all instruction 
set of the HMCS68oo. 
It also re- 
duces 
the execution 
times 
of key instructions 
for throughput 
im- 
provement. 


Bit manipulation 
instruction, 
change 
instruction 
of the 
index 


register 
and accumulator 
and sleep instruction 
are also added. 
The followings 
are explained 
here. 
CPU 
Programming 
Model 
(refer 
to Fig. 28) 
Addressing 
Mode 
Accumulator 
and 
Memory 
Manipulation 
Instruction 
(refer 
to 
Table 
II) 
New Instruction 
Index 
Register 
and 
Stack 
Manipulation 
Instruction 
(refer 
to 
Table 
12) 
Jump 
and Branch 
Instruction 
(refer 
to Table 
13) 
Condition 
Code 
Register 
Manipulation 
(refer 
to Table 
14) 
Op Code 
Map 
(refer 
to Table 
15) 


• 
Progremming Model 
Fig. 28 depicts 
the H06303Y 
programming 
model. 
The double 


accumulator 
0 consists 
of accumulator 
A and B, so when using the 
accumulator 
0, 
the contents 
of A and B are destroyed. 


• 
CPU Addressing Mode 
The 
H06303Y 
provides 
7 addressing 
modes. 
The 
addressing 


mode 
is determined 
by an 
instruction 
type 
and 
code. 
Tables 
11 


through 
15 show addressing 
modes 
of each instruction 
with the ex- 
ecution 
times 
counted 
by the machine 
cycle. 
When 
the clock frequency 
is 4MHz, 
the machine 
cycle time be- 


comes 
microseconds 
directly. 
Accumuletor 
(ACCXI Addressing 


Only an accumulator 
is addressed 
and the accumulator 
A or B is 
selected. 
This 
is a one-byte 
instruction. 


Immediete Addressing 
This addressing 
locates 
a data in the second 
byte of an instruc- 
tion. However, 
LOS and LOX locate a data in the second 
and third 
byte exceptionally. 
This addressing 
is a 2 or 3-byte 
instruction. 


Direct Addressing 
In this addressing 
mode, 
the second 
byte of an instruction 
shows 


fin --Au __°J.l __-~-- - 3 


I" 
01 
••••• 
A.,.". 
Uti 


I" 
s. 
01 


I" 


PC 
01 
•••.OI" •••• 
COu ••••• 
11JC1 


C.,,,/Iot,_ 
"0"'1 MS. 
0-'_ 
,.. 
..•..•.,... 


In'."UCII 
H'" 
c..,'I' 
IF,om 
1;131 


the address 
where a data is stored. 
256 bytes 
(SO through 
S255) can 


be addressed 
directly. 
Execution 
times 
can be reduced 
by storing 


data in this area so it is recommended 
to make 
it RAM 
for users' 


data 
area 
in configurating 
a system. 
This 
is a 2-byte 
instruction, 


while 
3 byte with regard 
to AIM, 
OIM, 
ElM and TIM. 


Extended Addressing 
In this mode, 
the second 
byte shows 
the upper 
8 bit of the data 
stored 
address 
and the third byte the lower 8 bit. This indicates 
the 


absolute 
address 
of 3 byte instruction 
in the memory. 


Indexed Addressing 
The second 
byte of an instruction 
and the lower 8 bit of the in- 


dex register 
are added 
in this mode. 
As for AIM, 
OIM, 
ElM 
and 


TIM, 
the third 
byte of an instruction 
and the lower 8 bits of the in- 


dex register 
are added. 


This carry is added 
to the upper 
8 bit of the index 
register 
and 


the result is used for addressing 
the memory. 
The modified 
address 


is retained 
in the temporary 
address 
register, 
so the contents 
of the 


index 
register 
doesn't 
change. 
This 
is a 2-byte 
instruction 
except 


AIM, 
OIM, 
ElM and TIM 
(J-byte 
instruction). 


Implied Addressing 
An instruction 
itself specifies 
the address. 
This is, the instruction 


addresses 
a stack pointer, 
index 
register, 
etc. This is a one-byte 
in- 


struction. 
Relative Addressing 
The second 
byte of an instruction 
and the lower 8 bits of the pro- 


gram counter 
are added. 
The carry or borrow 
is added 
to the upper 


8 bit. So addressing 
from - 
126 to + 129 byte of the current 
instruc- 


tion is enabled. 
This is a 2-byte 
instruction. 
(Note) 
CLI, 
SEI Instructions 
and Interrupt 
Operation 


When 
accepting 
the IRQ at a preset 
timing 
with CLI and 


SEI instructions, 
more 
than 
2 cycles 
are 
necessary 
be- 


tween the CLI and SEI instructions. 
For example, 
the fol- 


lowing 
program 
(a)(b) 
don't 
accept 
the IRQ but 
(c) ac- 
cepts it. 


CLI 
NOP 
NOP 
SEI 


CLI 
NOP 
SEI 


$HITAC,HI 


Hitachi America Ltd. • 2210 O'Toole Ave.• 
San Jose, CA 95131 • (408) 435-8300 


Conditjon~ 


AddressIng Modes 
Register 
Operations 
Mnemonic 
Booleenl 


IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
OperatIon 
5 
4 
3 
2 
1 
0 


OP - • 
OP - • 
OP - • 
OP - . OP - • 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A+M-A 
I · 
I 
I 
I I 


ADDB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B+M-B 
I · 


I 
I 
I 
I 


Add Double 
ADDD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A 
B+M:M+1-A 
8 ·· 


I 
I 
I 
I 


Add Accumulators 
A8A 
18 
1 
I 
A+B-A 
I · 


I I I I 


Add With 
<Atry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
89 
4 
3 
A+M+C-A 
I · : 
I 
I 
I 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
I · 


I 
I 
I I 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
84 
4 
3 
A'M-A 
·· 


I 
I 
A · 
AN DB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M- 
B 
·· 


I 
I 
A · 
Bit Test 
BIT 
A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
85 
4 
3 
A·M 
·· 
I 
I 
A · 
BIT 
B 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
8·M 
·· 


I 
I 
A · 
Clear 
ClA 
6F 
5 
2 
7F 
5 
3 
00- 
M 
·· 


A 
5 
A 
A 


ClAA 
4F , 
1 
00 - 
A 
·· 


A 
5 
A 
A 


CLAB 
5F 
I 
I 
00 - 
B 
·· 
A 
5 
A 
A 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
81 
4 
3 
A-M 
·· 
I 
I 
I 
I 


CMPB 
Cl 
'2 
2 
Dl 
3 
2 
El 
4 
2 
F, 
4 
3 
8-M 
·· 
I 
I 
I 
I 


ComPire 
CBA 
" , 
I 
A-B 
·· 
I 
I 
I 
I 
Accumulators 


Complement. 
1', 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 
I 
I 
A 
5 


COMA 
43 
1 
1 
A -A 
·· 


I 
I 
A 
5 


CDM8 
53 
I 
I 
8 
-8 
·· 


I 
I 
A 
5 


Complement. 
2', 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I I 
(\):7; 


I Negate ! 
NEGA 
40 , I 
OO-A-A 
·· 


I 
I '''; ,t 


NEG8 
50 
1 
I 
00-8-8 
·· 


I 
I 
CD 
~, 


Decimal 
Adjust, 
A 
DAA 
19 
2 
I 
Converts bInary 
add of BCD ·· 


I I 
I ~ 
characters 
Into BCD format 


Deerement 
DEC 
6A 
6 
2 
7A 
6 
3 
M - 1 - 
M 
·· 


I I '" · 
DECA 
4A 
I 
1 
A -1 
- 
A 
·· 


I I 
@ • 


DEC8 
5A 
I 
1 
B-1 
- 
B 
·· 


I 
I 
<4: 
• 


ExclusiwOA 
EORA 
B8 
2 
2 
98 
3 
2 
AS 
4 
2 
88 
4 
3 
A(!) 
M-A 
·· 


I I 
A · 
EOA8 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
B (£l M- 
B 
·· 


I I 
A · 
Increment 
tNC 
6C 
6 
2 
7C 
6 
3 
M+1-M 
·· 


I I 
<J) 
• 


INCA 
4C 
I , 
A + 1 - 
A 
·· 


I I 
<!' • 


INC8 
5C 
I 
I 
B + 1 - 
B 
·· 


I 
I IS • 


loed 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
·· 


I 
I 
A · 
Accumulator 
LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M - 
8 
·· 


I 
I 
A · 
Load Double 
lDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 - 
B, M- 
A 
·· 


I 
I 
A · 
Accumulator 


Mult'Ply 
Unsigned 
MUl 
3D 
7 
1 
A.B-A:B 
····· 


<!J, 


OR, 
Inclusive 
OAAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
8A 
4 
3 
A+M-A 
·· 
I I 
A · 
OAA8 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
·· 
I 
I 
A · 
Push Data 
PSHA 
36 
4 
I 
A - 
Wisp, SP - 
1 - 
SP 
······ 
PSHB 
37 
4 
1 
B - 
Msp. SP - 
1 - 
SP 
······ 
Pull Data 
PULA 
32 
3 
I 
SP + 1 - 
SP, M.., 
- 
A 
······ 
PULB 
33 
3 
I 
SP+ 
1-SP.M..,-B 
······ 
Rotltl 
Left 
AOl 
69 
6 
2 
79 
6 
3 


:114{]4i I 
·· 
I 
I '" 
I 


AOLA 
49 
I 
I 
I! I i I Ij4I ·· 
I I tt 
I 


AOl8 
59 
I 
1 
• 
C 
b1 
be> ·· 
I 
I 
<I: I 


Rotlte 
Rtght 
AOA 
66 
6 
2 
76 
6 
3 
:1CQ+i I I I I I I I jJ ·· 
I I 
(l; I 


AORA 
46 
1 
I 
·· 


I I :), I 


RORB 
56 
1 
1 
• 
C 
b1 
bO ·· 
I 
I 
'I. I 
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Addressing 
Modes 
Condition 
Code 


Register 


Operations 
Mnamonic 
IMMED 
O'RECT 
INDEX 
EXTEND 
IMPLIED 
Booleanl 
5 • 
3 
2 
1 
0 
ArIthmetic 
Operation 


OP - • 
OP - • 
OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Shift 
Left 
ASL 
68 
6 
2 
7B 
6 
3 
M 
j 
_ 
·· 


I I ~l 


Arithmetic 
ASLA 
48 
1 
1 
A 
~ 
1111111 
~O ·· 


I I {!!)l 


ASLB 
58 
1 
1 
• 
C 
01 
be ·· 


I I 
6 
I 


Doubte 
Shift 
ASLO 
05 
1 , ~ 
ACC AI ACC' 
~ 
0 ·· 


I 
lfID 
I 
Left, 
Arithmetic 
41 
40 
" 
10 


Shift 
Right 
ASR 
67 
6 
2 
77 
6 
3 
:)~II~I~ 
·· 
I I 
6 
I 
Arithmetic 
ASRA 
.7 
1 
1 
·· 
I I 
6 
I 


ASRB 
57 
1 
1 
• 
b7 
be 
·· 


I I 
6 
I 


Shift 
Right 
LSR 
64 
6 
2 
7. 
6 
3 
M\ 
_ 
·· 


R I 
I 
Logicll 
LSRA 
•• 
1 
1 Ao~IIIIIIIKJ 
·· 


R I @l 


LSRB 
5' 
1 
1 
• 
b1 
be 
·· 


R I 
6 
I 


Double 
Shift 
LSRO 
04 
1 
1 
0-111 
ACC AI ACC' r.o ·· 


R 
l~ 
I 
Rtght 
Logical 
., 
AO 
0' 
10 
e 


Store 
STAA 
97 
3 
2 
A7 • 
2 
Bl • 
3 
A_ 
••• 
·· 
I I 
R · 
Accumulator 
STAB 
07 
3 
2 
E7 • 
2 
F7 • 
3 
B-'" 
·· 
I I 
R · 
Store 
Double 
STO 
DO • 
2 
ED 
5 
2 
FO 
5 
3 
A_ 
••• 
·· 


I I 
R · 
Accumulator 
B _ 
M + 1 


Subtrect 
SUBA 
eo 
2 
2 
90 
3 
2 
AO • 
2 
BO • 
3 
A-M 
_A 
·· 


I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO • 
2 
FO • 
3 
B-M_B 
·· 
I I I I 
Oou~e 
SubtrKt 
SUBD 
B3 
3 
3 
93 • 
2 
A3 
5 
2 
B3 
5 
3 
A: 
B-M 
:M+1-A:B 
·· 


I I I I 


Subtrect 
SBA 
10 
1 
1 
A-B-A 
·· 
I I I I 
Accumulators 


Subtrect 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 • 
2 
B2 • 
3 
A-M-C-A 
·· 
I I I I 
With 
Carr., 
SBCB 
C2 
2 
2 
02 
3 
2 
E2 • 
2 
F2 • 
3 
B -"'-C-B 
·· I I I I 


T,.nsfer 
TAB 
16 
1 
1 
A_B 
·· 
I I 
R · 
Accumulators 
TBA 
17 
1 
1 
B_A 
·· 
I I 
R · 
Test 
Zero 
or 
TST 
60 • 
2 
70 • 
3 
••• - 00 
·· 
I I 
R 
R 


Minus 
TSTA 
'0 
1 
1 
A -00 
·· 
I I 
R 
R 


TSTB 
50 
1 
t 
B - 00 
·· 
I I 
R 
R 


And 
Immediate 
A'M 
71 
6 
3 
61 
7 
3 
M·'M"'-'" 
• • I I 
R • 


OR Immediat. 
O,M 
72 
6 
3 
62 
7 
3 
M+''''M-M 
• • I I 
R • 


EOR Immediate 
E'M 
75 
6 
3 
65 
7 
3 
M®''''M-M 
• • 
1 : 
R • 


Test 
Immediate 
TIM 
7B • 
3 
6B 
5 
3 
•••·'M ••• 
• • : : 
R • 
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• 
Additional Instruction 
In addition to the H06801 instruction set, the H06303Y pre- 


pares the following new instructions. 
AIM 
(M)o{IMM) - 
(M) 


Executes "AND" 
operation to immediate data and the 


memory contents and stores its result in the memory. 


OIM 
(M)+(IMM) 
- 
(M) 


Executes "OR" operation to immediate data and the memo- 
ry contents and stores its result in the memory. 


ElM 
(M) E!) (IMM) - 
(M) 


Executes 
"EOR" 
operation 
to immediate data and the 


memory contents and stores its result in the memory. 


TIM 
(M)o{IMM) 


Executes" AND" operation to immediate data and changes 
the relative flag of the condition code register. 


These are the 3-byte instructions; the first byte is op code, the 


second immediate data and the third address modifier. 


XGOX 
. .. 
(ACCO)-(IX) 


Exchanges the contents of accumulator and the index regis- 
ter. 


SLP 
Goes to the sleep mode. Refer to "LOW POWER DISSIPA- 
TION MODE" for more details of the sleep mode. 


AddressIng 
Modes 
Condition 
Code 


POinter 
Operellons 
800lunl 
R-eistet' 


MnemontC 
IMMED. 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
ArIthmetic: 
Oper.ton 
5 • 
3 
2 
1 
0 


OP - • 
OP - • 
OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Compere 
Inde •. Reg 
CPX 
BC 
3 
3 
9C • 
2 
AC 
5 
2 
BC 
5 
3 
X-M"M+' 
·· 


I 
I 
I 
I 


o.c,ement 
Index 
Reg 
DEX 
09 
1 
1 
X 
1- 
X 
··· 


I ·· 
Decrement 
Steck 
Pntr 
DES 
3. 
1 
1 
SP - 
1 ....•SP 
······ 
Increment 
Inde_ 
Reg 
INX 
OB 
1 
1 
X"""" 
X 
··· 


I ·· 
Increment 
Steck Pntr 
INS 
31 
1 
1 
SP.'-SP 
······ 
L~ 
Inde. 
Reg 
LOX 
CE 
3 
3 
OE • 
2 
EE 
5 
2 
FE 
5 
3 
M ...•XH. (M + 1) ....•XL ·· 


<l 
I 
R · 
L<»d 
SYck 
Pntr 
LOS 
BE 
3 
3 
9E • 
2 
AE 
5 
2 
BE 
5 
3 
M- 
sPH.IM+lI 
...•sPL ·· 


'r> I 
R · 
Store 
Inde. 
Reg 
STX 
OF • 
2 
EF 
5 
2 
FF 
5 
3 
XH -- M. XL ....•fM .•. 11 ·· 


1- I 
R · 
Store Stack Pntr 
STS 
9F • 
2 
AF 
5 
2 
BF 
5 
3 
SPH ...•M, S'L ..• 1M." ·· 


'7 
I 
R · 
Index 
Reg"" 
Stack Pnu 
TXS 
35 
1 
1 
X-l-sP 
······ 
$tKk 
Pnt, ...• Inde. 
Reg 
TSX 
30 
1 
1 
$P+l-X 
······ 
Add 
ABX 
3A 
1 
1 
8+X-X 
······ 
Push o.ta. 
P5HX 
3C 
5 
1 
XL-MtP,SP-,-SP 
······ 
XH ...•M ••• 
SP - 
1 ....•SP 


Pull 
Data 
PUlX 
38 • 
1 
SP. 
l-SP,MIP- 
XH ······ 
SP+l-SP,MIP-XL 


Exchange 
XGDX 
lB 
2 
1 
ACeD··IX 
• • • • • • 


~HITACHI 


\ Hitachi America Ltd.• 
2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


AddressIng 
Mod@s 
Condition 
Code 


Regilter 
()peretions 
Mn@monic 
RELATIVE 
DIRECT 
INDEx 
EXTEND 
IMPLIED 
8unct\ 
Test 
5 
0 
3 
2 
1 
0 


OP - 
It 
OP - 
It 
OP - 
It 
OP - 
It 
OP - . 
H 
I 
N 
Z 
V 
C 


8renct\ 
AlweVI 
8RA 
20 
3 
2 
None 
······ 
8renct\ 
NeYer 
8RN 
2' 
3 
2 
None 
······ 
8renct\ 
If CarrV CI.r 
8CC 
20 
3 
2 
CoO 
······ 
Sranch 
If e.trv 
Set 
8CS 
25 
3 
2 
C - 1 
······ 
8rel'lCh If - Zero 
8EQ 
27 
3 
2 
Z - 
1 
······ 
8rel'lCt\ If ••• Zero 
8GE 
2C 
3 
2 
N@V-O 
······ 
Srenct\ 
If > Zero 
8GT 
2E 
3 
2 
Z + IN 0 VI- 
0 
······ 
8r8l'lch 
If H"t\., 
8HI 
22 
3 
2 
C+Z-O 
······ 
Sral'lCh If < Zero 
8lE 
2F 
3 
2 
Z. 
(N@ 
VI- 
1 
······ 
8r.nct\ 
I f Lower 
Or 
8lS 
23 
3 
2 
C.Z-' 
······ 
s.m. 


8ral'lCh If < Zero 
8lT 
20 
3 
2 
N@V-' 
······ 
Srenct\ 
If Minus 
8"" 
28 
3 
2 
N - 
1 
······ 
Branch 
If Not 
Equel 
8NE 
26 
3 
2 
ZoO 
······ 


Zero 


Bral'lCh If Owrltow 
8VC 
28 
3 
2 
v-o 
······ 


C,", 


Bral'lCh If OYerltow 
Set 
8VS 
29 
3 
2 
V-I 
······ 
Branct\ 
If Plul 
8Pl 
2A 
3 
2 
N-O 
······ 
Brenct\ 
To Subroutine 
8SR 
80 
5 
2 
······ 
Jump 
J"'P 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To Subroutine 
JSR 
90 
5 
2 
AD 
5 
2 
80 
6 
3 
······ 


No o.-.t;on 
NOP 
01 
1 
1 
AdV8ncel 
Proo. entr. ······ 
Onlv 


Aet\fr" 
F rom 
Interrupt 
RTI 
38 
10 
1 
-(t 
-- 


Aetum 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Softwer. 
Int.,rupt 
$WI 
3F 
12 
1 
· 


S ···· 
Wen fOf' Interrupt· 
WAI 
3E 
9 
1 
· 


\j;- ··· 
- 


SlP 
lA 
0 
1 
• • • • • • 
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ddressingModet 
CondItion Code R~ister 


Optrations 
MnemonIC 
IMPLIED 
Boolean OperatIon 
5 
• 
3 
2 
1 
0 


0. 
- 
• 
H 
I 
N 
Z 
V 
C 


C~., 
c.rry 
CLC 
OC 
1 
1 
O-C 
· · · · · 


R 


C~ar Interrupt 
Mask 
CLI 
OE 
1 
1 
0-' 
· 


R · · · · 
Ct.r 
Overflow 
CLV 
OA 
1 
1 
O-V 
· · · · 


R · 
Srtt eerry 
SEC 
00 
1 
1 
l-C 
· · · · · 


S 


set Interrupt Mask 
SEI 
OF 
1 
1 
1-1 
· 


S · · · · 
SrttO .••r'low 
SEV 
OB 
1 
1 
1 -V 
· · · · 


S · 
Accumulator 
A - CCR 
TA. 
06 
1 
1 
A ....•CCR 
<l) 


CCR ....•Accumulator 
A 
TPA 
07 
1 
1 
CCR - A 
• 
I • 
I • 
I • 
• I· 


LEGEND 


OP 
Operation Code (Hexadecimal) 
Number of MCUCycles 


MSp Contents of memory location pointed by Stack Pointer 


# 
Number of Program Bytes 
Arithmetic 
P1us 


Arithmetic Minus 
• 
Boolean AND 


+ 
Boolean Inclusive OR 
e 
Boolean Ex~lusiveOR 


M 
Com~ement of M 
Transfer into 


OBit 
= Zero 


00 
Byte = Zero 


CONDITION 
CODE 
SYMBOLS 


H 
Half-carry from bit 3 to bit 4 


I 
Interrupt mask 
N 
Negative (sign bit) 
Z 
Zero 
(byte) 
V 
OverflQIN,2's complement 


C 
Carry/Borrow from/to 
bit 7 


R 
Reset Always 
S 
Set Always 


t 
Set if true after test or clear 


• 
Not Affected 


(Note) 
Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
(i) 
IBit V) 
Test: 
Result 
= 1ס0ooooo7 


@ 
IBit C) 
Test: 
Result 
~ 0ס0ooooo7 


@ 
(Bit C) 
Test: BCD Character of high~rder byte greater than 107 
(Not cleared if previously set) 
o 
(Bit V) 
Test: Operand = 1ס0ooooo 
prior to execution? 


® 
(Bit V) 
Test: Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: Set equal to Ne C = 1 after the execution of instructions 


(i) 
(Bit N) 
Test: Result lessthan zero? (Bit 15=1) 


® 
(All Bit) 
load Condition Code Register from Stack. 


(9) 
(Bit I) 
Set when interrupt occurs. If previously set, a Non·Maskable Interrupt is required to exit the wait state. 


(@ 
(All Bit) 
Set according to the contents of Accumulator A. 


® 
(Bit C) 
Result of Multiplication 
Bit 7=1? IACCB) 


0. 
ACC 
ACC 
Z 


ACCA or SP 
ACCB or X 


IND 


CODE 
A 
B 
DIR 
IMM 
I 
DIR 
I 
IND 
I 
EXT 
IMM 
I 
DIR 
I 
IND 
I 
EXT 


~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1 
1001 
1 
1010 
I 
10'1 
1100 
1 
liD' 
I 
1110 
I 
1111 


LO 
0 
I 
2 
3 
• 
S 
6 
7 
8 
I 
9 
I 
A 
I 
B 
C 
1 
0 
I 
E 
I 
F 


סס oo 
0 .--- 


SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
I 
NO. 
CBA 
BRN 
INS -- 


I 
A.M 
CM. 
I 


0010 
2 ~ 
~ 
BHI 
PULA -- 
1 
OIM 
SBC 
2 


0011 
3 ~ 
.--- 


BLS 
PULB 
COM 
SUBD 
I 
ADDD 
3 


OIGO • 


LSRD 
------- 
BCC 
DES 
LSR 
AND 
• 


0101 
S 
ASLD .--- 


BCS 
TXS -- 
I 
ElM 
BIT 
S 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
BEa 
.SHB 
ASR 
---------I 
STA 
1---------1 
STA 
7 


1000 
8 
INX 
XGDX 
BVC 
PULX 
ASL 
EDR 
8 


lGOI 
9 
DEX 
DU 
BVS 
RTS 
ROL 
ADC 
9 


1010 
A 
CLV 
SL. 
B.L 
ABX 
DEC 
ORA 
A 


'011 
B 
SEV 
ABA 
BMI 
RTI -- 
1 
TIM 
ADD 
9 


IlGO 
C 
CLC 
------- 
BGE 
.SHX 
INC 
CPX 
LDD 
C 


1101 
0 
SEC 
.-/ 
BLT 
MUL 
TST 
BSR 
1 
JSR 
~I 
STD 
0 


1110 
E 
Cli 
.--- 


BGT 
WAI 
~·I'---I 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
~ 
BLE 
SWI 
CLR 
---------I 
STS 
~ 
STX 
F 


0 
I 
2 
3 
• 
1 
s 
I 
6 
I 
7 
• 
I 
9 
I 
A 
I 
9 
C 
I 
DIE 
I 
F 


UNDEm'ED 
OP CODE 
~ 


• Only each instructions of AIM, OIM. ElM. TIM 
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• 
CPU OPERATION 
• 
CPU Instruction 
Flow 


When operating, the CPU fetches an instrution from a memory 


and executes the required function. This sequence starts with RE:S" 
cancel and repeats itself limitlessly if not affected by a special in- 
struction or a control signal. SWI, RTI, WAI and SLP instructions 
change this operation, while NMI, IRQ" IRQ" IRQ" HArT and 
STIiY control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 


• 
Operation 
at Each Instruction 
Cycle 


Table 17 shows the operation at each instruction cycle. By the 


pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefetch the next instruction. So attention is nec- 
essary to the counting of the instruction cycles because it is different 
from the usual one - from op code fetch to the next instruction op 
code. 


Figure 29 
CPU Operation Mode Transition 


Table 16 CPU Operation State and Port, Bus, Control Signal State 


Port 
Reset 
STBY" 
HALT 
Sleep 


Ao -A7 
H 
T 
T 
H 


Port 2 
T 
T 
Keep 
Keep 


Do - 07 
T 
T 
T 
T 


As - A,s 
H 
T 
T 
H 


Port 5 
T 
T 
Keep 
Keep 


Port 6 
T 
T 
Keep 
Keep 


Control Signal 
'\ 
T 
'. 
" 


" 
llti, WA, R!W:1Jll" = H, BA = L 


'2 
lm, WIl, RIW = T, IlIf. BA= H 


-3 
E pin goes to high impedance state. 
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;J; 
lID 
iii 
pc., 
0:!: 
,-, 


PC-1 
»3 
~o· 
III 
~ 
• 
I\) 
~0 
0 
c} 


~~ 
~:I 
ro 
_ 
• ~ 
en () 
III :I 
::lc-o 
1Il 
.!D 
0» 
<0~ 
~ 
• 
~0~ 
N 


""" 
Co) 
(J'l 
CD 
Co)00 


(Notel 
1. 
The 
program 
sequence 
will 
com-!...!.o the 
RES 
start 
from 
any 
place of 
the 
flow 
during 
RES. When STBY=O. 
the 
sequence 
will go into the standby 
mode 
regardless 
of the CPU 
condition. 


Address Mode & 


Instructions 


ADC 
ADD 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Operand Data 
AND 
BIT 
2 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
CMP 
EOR 
2 


LOA 
ORA 
SBC 
SUB 
ADDD 
CPX 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Operand Data (MSB) 
LDD 
LOS 
3 
2 
Op Code Address+2 
1 
0 
1 
1 
Operand Data (LSBI 
LOX 
SUBD 
3 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


ADC 
ADD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (LSBI 
AND 
BIT 
2 
Address of Operand 
1 
0 
1 
1 
Operand Data 
CMP 
EOR 
3 
3 
Op Code Address+ 2 
1 
0 
1 
0 
Next Op Code 
LOA 
ORA 
SBC 
SUB 
STA 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Destination Address 


3 
2 
Destination Address 
0 
1 
0 
t 
Accumulator 
Data 


3 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Address of Operand (LSB) 
LDD 
LOS 
4 
2 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 
LOX 
SUBD 
3 
Address of Operand + 1 
1- 
0 
1 
1 
Operand Data (LSBI 
4 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Destination Address (LSB) 


STX 
4 
2 
Destination Address 
0 
1 
0 
1 
Register Data (MSB) 
3 
Destination Address + 1 
0 
1 
0 
1 
Register Data (LSB) 
4 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Jump Address (LSB) 
2 
FFFF 
t 
1 
1 
1 
Restart Address (LSBI 


5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Addr~ss (LSB) 
4 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address (MSB) 


5 
Jump Address 
1 
0 
1 
0 
First Subroutine Op Code 
TIM 
1 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 


4 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
AIM 
ElM 
1 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 
DIM 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


6 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 
6 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
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JMP 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 
3 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


3 
Jump Address 
1 
0 
1 
0 
First Op Code of Jump Routine 
ADC 
ADD 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 
AND 
BIT 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
CMP 
EOR 
4 
3 
IX ,,:Offset 
1 
0 
1 
1 
Operand 
Data 
LOA 
ORA 
4 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 
TST 
STA 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 


4 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


3 
IX + Offset 
0 
1 
0 
1 
Accumulator 
Data 


4 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
ADDD 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 
CPX 
LDD 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 
LOS 
LOX 
5 
3 
IX + Offset 
1 
0 
1 
1 
Operand 
Data (MSB) 
SUBD 
4 
IX+Offset+l 
1 
0 
1 
1 
Operand 
Data (LSB) 


5 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 
STX 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSBI 


5 
3 
IX + Offset 
0 
1 
0 
1 
Register Data (MSB) 


4 
IX + Offset+1 
0 
1 
0 
1 
Register Data (LSB) 


5 
Op Code Address+2 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(LSB) 


4 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address 
(MSB) 


5 
IX+Offset 
1 
0 
1 
0 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 
COM 
DEC 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 
INC 
LSR 
6 
3 
IX+Offset 
1 
0 
1 
1 
Operand 
Data 
NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 
ROR 
5 
IX + Offset 
0 
1 
0 
1 
New Operand 
Data 


6 
OP Code Address + 2 
1 
0 
1 
0 
Next Op Code 
TIM 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Immediate 
Data 


2 
Op Code Address+2 
1 
0 
1 
1 
Offset 
5 
3 
FFFF 
1 
1 
1 
1 
Restart Address (LSBj 


4 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 


5 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
3 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 


4 
IX + Offset 
0 
1 
0 
1 
00 


5 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
AIM 
ElM 
1 
Op Code Address + 1 
1 
0 
1 
1 
Immediate 
Data 
OIM 
2 
Op Code Address + 2 
1 
0 
1 
1 
Offset 


3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


7 
4 
IX + Offset 
1 
0 
1 
1 
Operand 
Data 


5 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


6 
IX + Offset 
0 
1 
0 
1 
New Operand 
Data 


7 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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JMP 
1 
Op Code Address + 1 
1 
0 
1 
1 
Jump Address IMSB) 


3 
2 
Op Code Address + 2 
1 
0 
1 
1 
Jump Address ILSB) 
3 
Jump Address 
1 
0 
1 
0 
Next Op Code 
ADC 
ADD 
TST 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand IMSB) 


AND 
BIT 
4 
2 
Op Code Address+2 
1 
0 
1 
1 
Address of Operand (LSB) 


CMP 
EOR 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
LOA 
ORA 
4 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 
STA 
1 
Op Code Address + 1 
1 
0 
1 
1 
Destination Address (MSB) 


4 
2 
Op Code Address + 2 
1 
0 
1 
1 
Destination Address (LSB) 


3 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 
4 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
ADDD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand IMSB) 


CPX 
LDD 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand ILSBI 
LOS 
LOX 
5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSB) 
SUBD 
4 
Address of Operand + 1 
1 
0 
1 
1 
Operand Data (LSB) 


5 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
STD 
STS 
1 
Op Code Address + 1 
1 
0 
1 
1 
Destination Address IMSB) 


STX 
2 
Op Code Address + 2 
1 
0 
1 
1 
Destination Address ILSBI 


5 
3 
Destination Address 
0 
1 
0 
1 
Register Data IMSB) 
4 
Destination Address+ 1 
0 
1 
0 
1 
Register Data (LSB) 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+1 
1 
0 
1 
1 
Jump Address (MSBI 


2 
Op Code Address + 2 
1 
0 
1 
1 
Jump Address (LSB) 


6 
3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
4 
Stack Pointer 
0 
1 
0 
1 
Return Address (LSB) 


5 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address IMSB) 


6 
Jump Address 
1 
0 
1 
0 
First Subroutine Op Code 
ASL 
ASR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 
COM 
DEC 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 
INC 
LSR 
6 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
ROR 
5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 


6 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 


2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSB) 


5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 
4 
Address of Operand 
0 
1 
0 
1 
00 
5 
Op Code Address+3 
1 
0 
1 
0 
Next Op Code 
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ABA 
ABX 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
ASl 
ASlD 


ASR 
CBA 
ClC 
Cli 
ClR 
ClV 
COM 
DEC 


DES 
DEX 
INC 
INS 
INX 
lSR 
1 


lSRD 
ROl 
ROR 
NOP 


SBA 
SEC 


SEI 
SEV 
TAB 
TAP 


TBA 
TPA 


TST 
TSX 
TXS 
DAA 
XGDX 
1 
Op Code Address+ 1 
1 
0 
1 
0 
Next Op Code 
2 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSBI 
PULA 
PUlB 
1 
Op Code Address+ 1 
1 
0 
1 
0 
Next Op Code 


3 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


3 
Stack Pointer + 1 
1 
0 
1 
1 
Data from Stack 
PSHA 
PSHB 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
4 
3 
Stack Pointer 
0 
1 
0 
1 
Accumulator 
Data 


4 
Op Code Address+ 1 
1 
0 
1 
0 
Next Op Code 
PUlX 
1 
Op Code Address+ 1 
1 
0 
1 
0 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
4 
3 
Stack Pointer + 1 
1 
0 
1 
1 
Data from Stack (MSB) 


4 
Stack Pointer + 2 
1 
0 
1 
1 
Data from Stack (lSB) 
PSHX 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


5 
3 
Stack Pointer 
0 
1 
0 
1 
Index Register (lSB) 


4 
Stack Pointer - 1 
0 
1 
0 
1 
Index Register (MSB) 


5 
Op Code Address+ 1 
1 
0 
1 
0 
Next Op Code 
RTS 
1 
Op Code Address+1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address IlSB) 


5 
3 
Stack Pointer + 1 
1 
0 
1 
1 
Return Address (MSBI 


4 
Stack Pointer + 2 
1 
0 
1 
1 
Return Address (lSB) 


5 
Return Address 
1 
0 
1 
0 
First Op Codeof ReturnRoutine 
MUl 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


3 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
7 
4 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


5 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


6 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


7 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
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WAI 
1 
Op Code Address+ 
1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSB) 


3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(lSB) 
4 
Star.k Pointer-1 
0 
1 
0 
1 
Return Address 
(MSB) 
9 
5 
Stack Pointer - 2 
0 
1 
0 
1 
Index Register (lSB) 


6 
Stack Pointer - 3 
0 
1 
0 
1 
Index Register (MSB) 


7 
Stack Pointer-4 
0 
1 
0 
1 
Accumulator 
A 


8 
Stack Pointer - 5 
0 
1 
0 
1 
Accumulator 
B 


9 
Stack Pointer - 6 
0 
1 
0 
1 
Conditional 
Code Register 
RTI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSB) 
3 
Stack Pointer + 1 
1 
0 
1 
1 
Conditional 
Code Register 


4 
Stack Pointer + 2 
1 
0 
1 
1 
Accumulator 
B 


5 
Stack Pointer + 3 
1 
0 
1 
1 
Accumulator 
A 
10 
6 
Stack Pointer +4 
1 
0 
1 
1 
Index Register (MSB) 


7 
Stack Pointer + 5 
1 
0 
1 
1 
Index Register (lSB) 


8 
Stack Pointer + 6 
1 
0 
1 
1 
Return Address 
(MSB) 


9 
Stack Pointer + 7 
1 
0 
1 
1 
Return Address 
(lSB) 


10 
Return Address 
1 
0 
1 
0 
First Op Code of Return Routine 
SWI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSB) 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(lSB) 
4 
Stack Pointer-1 
0 
1 
0 
1 
Return Address 
(MSB) 
5 
Stack Pointer - 2 
0 
1 
0 
1 
Index Register (lSB) 
6 
Stack Pointer - 3 
0 
1 
0 
1 
Index Register (MSB) 
12 
7 
Stack Pointer-4 
0 
1 
0 
1 
Accumulator 
A 


8 
Stack Pointer - 5 
0 
1 
0 
1 
Accumulator 
B 


9 
Stack Pointer-6 
0 
1 
0 
1 
Conditional 
Code Register 


10 
Vector 
Address 
FFFA 
1 
0 
1 
1 
Address of SWI Routine (MSB) 
11 
Vector Address 
FFFB 
1 
0 
1 
1 
Address of SWI Routine (LSB) 


12 
Address 
of SWI Routine 
1 
0 
1 
0 
First Op Code of SWI Routine 
SLP 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSB) 


I 
I I I 


I 


4 
Sleep 
j 
j 


3 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSB) 
4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


BCC 
BCS 
1 
Op Code Address + 1 
1 
0 
1 
1 
Branch Offset 
BEQ 
BGE 
3 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
BGT 
BHI 
3 
j BranchAddress··Test=-'·· 
First Op Code of Branch Routine 
1 
0 
1 
0 
BlE 
BlS 
OpCodeAddress+ , 
Test=-O·· 
Next Op Code 
BLT 
BMT 
BNE 
BPl 
BRA 
BRN 
BVC 
BVS 
BSR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(lSBI 
5 
3 
Stack Pointer 
0 
1 
0 
1 
Return Address 
(LSB) 
4 
Stack Pointer - 1 
0 
1 
0 
1 
Return Address 
(MSB) 


5 
Branch Address 
1 
0 
1 
0 
First Op Code of Subroutine 
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• 
PRECAUTION 
TO THE 
BOARD 
DESIGN OF OSCILLA- 


TION 
CIRCUIT 


As shown 
in Fig. 31, 
there 
is a case 
that 
the 
cross 
talk 
dis- 


turbs 
the 
normal 
oscillation 
if signal 
lines 
are 
put 
near 
the 
oscillation 
circuit. 
When 
designing 
a board. 
pay 
attention 
to 
this. 
Crystal 
and 
CL 
must 
be 
put 
as 
near 
the 
HD6303Y 
as 
possible. 


r-20mmmax--1 


" " 
:E 
C 


Ii Ii 
~ ~ 
Vi 
Vi 


, 


• 
RECEIVE 
MARGIN 
OF THE 
SCI 


Receive 
margin 
of 
the 
SCI 
contained 
in 
the 
HD6303Y 
is 
shown 
in Table 
18. 
Note: 
SCI = Serial Communication 
Interface 


Table 
18 


Bit distortion 
tolerance 
It-tol/to 


Character 
distortion 
tolerance 


(T-ToI/To 


Bit lengthr-t0-1 


Character 
length 
To 
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HD6305UO ,HD63A05UO ,--- 
HD63B05UO 
CMOS MCU (Microcomputer 
Unit) 


-PRELIMINARY- 


The 
HD6305UO 
is a CMOS 
8-bit 
single-chip 
MCU 
which 
is 


similar 
to 
the 
HD6305X 
MCU 
family. 
This 
version 
is 
upward 


compatible 
with 
the 
HD6805 
family 
in respect 
to instructions. 
A 


CPU, 
a clock 
generator, 
a 2k-byte 
ROM, 
a 128-byte 
RAM, 
31 II 
o terminals, 
two 
timers, 
and 
a serial 
communication 
interface 


(SCI) 
are incorporated 
in the 
HD6305UO. 
As 
a result 
of CMOS 


technology, 
the 
HD6305UO 
consumes 
much 
less 
power 
than 


NMOS 
counterparts. 
In 
addition, 
three 
low 
power 
dissipation 


modes 
(stop, 
wait 
and 
standby) 
which 
further 
decreases 
power 


consumption, 
are included 
in the HD6305UO. 
Other 
notable 
features 
include 
enhanced 
instruction 
cycle 
of 


the 
main 
instructions 
and 
the 
use of three 
additional 
instructions 


to improve 
system 
throughput. 


• 
HARDWARE 
FEATURES 
• 
CMOS 
8-bit 
single-chip 
MCU 
• 
2048 
bytes 
of ROM 
• 
128 
bytes 
of RAM 


• 
31 
bidirectional 
I/O terminals 


• 
Two 
timers 
8-bit 
timer 
with 
a 
7 -bit 
prescaler 
(programmable 
pre- 
scaler; event counter) 
15-bit 
timer 
(commonly 
used 
with 
the 
SCI clock 
divider) 


• 
On-chip 
serial 
interface 
circuit 
(synchronized 
with 
clock) 


• 
Six interrupts (two external. two timer, one serial and one 
software) 


• 
Low 
power 
dissipation 
modes 
- 
Wait 
In this 
mode. 
the 
clock 
oscillator 
is 
on 
and 


the 
CPU 
halts 
but 
the 
timer/serial/interrupt 


function 
is opera table. 
Also. 
all registers 
are 


held. 
except 
the 
I bit 
in the 
condition 
code 


register is cleared. 


- 
Stop. 
. .. In this 
mode. 
the 
clock 
stops 
but 
the 
RAM 


data. 
I/O 
status 
and 
registers 
are 
held. 
Ex- 


cept 
the 
timer 
control 
register 
(bits 
6 and 
7) 


and the 
I bit of the condition 
code 
register. 


- 
Standby 
.... 
In this 
mode. 
the 
clock 
stops. 
the 
RAM 
data 


is held. 
and the 
other 
internal 
condition 
is re- 


set. 


• 
Minimum 
instruction 
cycle 
time 


HD6305UO 
1 JLs (f = 1 MHz) 


- 
HD63A05UO 
0.67 
JLs (f = 1.5 MHz) 


- 
HD63805UO. 
. 0.5 
JLs (f = 2 MHz) 


• 
Wide 
operating 
range 
Vee = 3 to 6V 
(f = 0.1 
to 0.5 
MHz) 


HD6305UO 
... 
f = 0.1 
to 
1 MHz 
(Vec = 5V ± 100/ol 


HD63A05UO 
..... 
f = 0.1 
to 
1.5 MHz 


IVee = 5V ± 10%) 


HD63805UO 
..... 
f = 0.1 
to 2 MHz 


(Vee = 5V ± 10%) 
• 
System 
development 
fully 
supported 
by an emulator 


• 
SOFTWARE 
FEATURES 
• 
Similar 
to HD6800 


• 
Byte efficient 
instruction 
set 
• 
Powerful 
bit manipulation 
instructions 
(Bit Set, Bit Clear. and 


Bit Test 
and Branch 
usable 
for 
all RAM 
bits 
and all I/O termi- 


nals) 


,II'· 
,JII 


1111 
. 


. "" 
.' 11' 
. I 
',' 
I' 


HD6305UOP. 
HD63A05UOP. 


HD63B05UOP 


vcc 


EXTAL 


XTAL 
7 
TIMER 
SfBY 


O./INT;r 
Os/CK 
O./R. 
D,/Tx 
0, 
0, 
Do 


Co 
c, 
C, 
c, 


• 
C. 
C. 
C. 
, e, 


~HITACHI 


Hitachi America Ltd .• 
2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• 
A variety 
of interrupt 
operations 


• 
Index 
addressing 
mode 
useful 
for table 
processing 


• 
A variety 
of conditional 
branch 
instructions 


• 
Ten powerful addressing modes 


• 
All addressing modes adaptable to RAM, and I/O instructions 


• 
Three new instructions, Stop, Wait and OAA, added to the 
H06805 family instruction set 


• 
Instructions that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 


• 
Compatible instruction set with HD6305X 


Port B 
1/0 
Terminals 


D./INT, 
D,/CK 
D./Rx 
03/TX 
D, 
D, 
D. 


Port 0 
1/0 
Terminals 


Port A 
1/0 
Terminals 


Serial 
Data 
Register 


Port C 
1/0 
Terminals 


Item 
Symbol 
Value 
Unit 


Supply voltage 
VCC 
-0,3-+7.0 
V 


Input voltage 
Vin 
-0.3 - 
VCC + 0.3 
V 


Operating temperature 
Topr 
0- 
+70 
°c 


Storage temperature 
Tstg 
-55-+150 
°c 


{NOTE] 
These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. 
Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. 
To assure normal 


operation, we recommended Vin. Vout; Vss ~ (Vin or Vout) ~ VCC. 
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• ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics 
(Vcc 
= 5.0V ± 10%. Vss 
= GND and T. = 0 - 
+70°C unless otherwise 
specified) 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


!ITS. S"FBY 
Vee- 
0.5 
- 
Vee+ 
0.3 
V 
Input 
voltage 
EXTAL 
VIH 
Vee 
x 0.7 
- 
Vee+ 
0.3 
V 


"High" 


Others 
2.0 
- 
Vee+ 
0.3 
V 


Input 
volt· 
All 
Inputs 
VIL 
-0.3 
- 
0.8 
V 
age "Low" 


Operating 
- 
5 
10 
mA 


Current . 
Wait 
- 
2 
5 
mA 


Ice 
f= 
1MHz" 
dissipation 
Stop 
- 
2 
10 
IlA 


Standby 
- 
2 
10 
IlA 


Input 
TIMER. 
leakage 
INT. 
IIILI 
- 
- 
1 
IlA 
current 
STBY 


Three· 
Ao - 
A,. 
V;n = 0.5- 


state 
Bo - 
B,. 
IITSiI 
Vee 
- 0.5V 


current 
Co - 
C" 
- 
- 
1 
IlA 
Do - 
D. 


Input 
All 


Cin 
f = 1MHz, 
12 
capacity 
terminals 
V;n = OV 
- 
- 
pF 


* VIH 
min '" vcc-1.OV, 
V1L max 
'" 0.8 V 
--The 
value at f z: xMHz can be calculated by the following equation: 
Ice If ;::xMHzl :: Ice 
(f z: 1MHzl multiplied 
by x 


Test 
HD6305UO 
HD63A05UO 
HD63B05UO 


Item 
Symbol 
condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
fcl 
0.4 
- 
4 
0.4 
- 
6 
0.4 
- 
8 
MHz 
frequency 


Cycle time 
tcyc 
1.0 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
Ils 


INT pulse 


tlWL 
tcsc 
- 
- 
tcyc 
- 
- 
tcyc 
- 
- 
ns 
width 
+2 0 
+200 
+200 


INT2 
pulse 


tlWL2 
tcyc 
- 
- 
tCtC 
- 
- 
teyc 
- 
- 
ns 
width 
+250 
+ 00 
+200 


RES pulse 


tRWL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tcyc 
width 


TIMER 
pulse 
tTwL 
tcyc 
- 
- 
teyc 
- 
- 
tcyc 
- 
- 
ns 
width 
+250 
+200 
+200 


Oscillation 
CL = 22pF ± 
20"10 
start 
time 
tose 
R, = 60n 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 


(crystal) 
max 


Reset delay 
tRH L 
External 
cap. 
80 
- 
- 
80 
- 
- 
80 
- 
- 
ms 
time 
2.21lF 
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Item 
Symbol 
Test 
min 
typ 
Unit 
condition 
max 


Output 
volt- 
IOH = -200j.tA 
2.4 
- 
- 
V 


VOH 
age "High" 


Ports 
A, 
IOH = -10j.tA 
Vcc 
- 0.7 
- 
- 
V 


Output 
volt- 
B,C,D 


age "Low" 
VOL 
IOl = 1.6mA 
- 
- 
0.55 
V 


Input 
volt- 
VIH 
2.0 
- 
Vcc 
+ 0.3 
V 
age "High" 


Input 
volt- 
Ports 
A, 
Vil 
- 0.3 
- 
0.8 
V 
age "Low" 
B,C,D 


Input 
leak- 
Illll 
Vin = 0.5- 
- 
- 
1 
j.tA 
age current 
Vcc 
- 0.5V 


Item 
Symbol 
Test 
HD6305UO 
HD63A05UO 
HD63B05UO 


Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
Cycle 
tScye 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
j.ts 


Data Output 
Delay Time 
tTXD 
Fig. 1 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set-up 
Time 
tSRX 
Fig.2 
200 
200 
- 
200 
- 
ns 


Data Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 


TTl 
load 
!Portl 


Test 
point 
terminal 


[NOTES I 
1. The load capacitance 
includes stray capacitance caused 


by the probe. etc. 


2. 
All diodes are 1S2074 ® . 


• 
DESCRIPTION OF TERMINAL FUNCTIONS 
The 
input 
and output 
signals 
of the 
HD6305UO 
are described 


here. 


• 
Vcc, Vss 
Voltage 
is applied 
to the HD6305UO 
through 
these 
two termi- 


nals. Vcc is 5.0V ± 10%, while Vss is grounded 
. 


• 
INT,INT, 
External 
interrupt 
request 
inputs 
to the 
HD6305UO. 
For 
de- 
tails, 
refer 
to "INTERRUPTS". 
The 
INT, 
terminal 
is also 
used 


as the port D, terminal. 
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• 
XTAL. 
EXTAL 
These 
terminals 
provide 
input 
to the 
on-chip 
clock circuit. 
A 
crystal 
oscillator 
(AT 
cut, 
2.0 to 8.0 MHz) 
or ceramic 
lilter 
is 
connected 
to 
the 
terminal. 
Refer 
to 
"INTERNAL 
OSCILLA- 


TOR" 
for using 
these 
input 
terminals. 


• 
TIMER 
This 
is 
an 
input 
terminal 
for 
event 
counter. 
Refer 
to 


"TIMER" 
for details. 


• 
RES 
Used 
to reset the MCU. 
Refer 
to "RESET" 
for details. 


• 
NUM 
This 
terminal 
is not 
intended 
for user applications. 
It must 
be 
grounded 
to Vss. 


• 
Input/Output 
Terminals 
(Ao - 
A,. 
Bo - 
B,. 
Co - 
C,. 
Do 


- 
061 
These 
31 terminals 
consist 
of three 
8-bit I/O ports 
(A, 
Band 


C) and a 7-bit I/O port 
D. Each of these 
can be used 
as an input 


or output 
terminal 
on a bit basis through 
program 
control 
of the 
data 
direction 
register 
(DDR). 
For 
details, 
refer 
to 
"I/O 
PORTS." 
Since 
port 
D" is also used 
for the 
INT, 
input, 
in order 
to use 
port 
D, 
as 
an 
I/O 
port, 
the 
INT. 
interrupt 
mask 
bit 
in 
the 
miscellaneous 
register 
should 
be set to "I" 
to disable 
the 
INT, 
input. 


• 
STBY 
This 
terminal 
is 
used 
to 
place 
the 
MCU 
into 
the 
standby 
mode. 
With 
STBY at "Low" 
level, 
the oscillation 
stops 
and 
the 
internal 
condition 
is 
reset. 
For 
details, 
refer 
to 
"STANDBY 
MODE." 


The 
terminals 
described 
in the following 
are I/O pins for serial 


communication 
interface 
(SCIl. 
They 
are also used 
as ports 
D", 
D, and 
D.,. For details, 
refer 
to "SERIAL 
COMMUNICATION 
INTERFACE." 


• 
CK (0,) 
Used 
to input 
or output 
clocks for serial operation. 


• 
MEMORY 
MAP 
The 
memory 
map of the HD6305UO 
MCU 
is shown 
in Fig. 4. 
During 
interrupt 
processing, 
the contents 
of the 
MCU 
registers 
are 
saved 
into 
the 
stack 
in the 
sequence 
shown 
in Fig. 5. This 


saving 
begins 
with the lower byte 
(PCL) 
of the program 
counter. 


Then 
the value of the stack 
pointer 
is decremented 
and the high- 


er byte 
(PCH) 
of the 
program 
counter, 
index 
register 
(X), 
ac- 


cumulator 
(A) 
and condition 
code register 
(CCR) 
are stacked 
in 


that order. 
In a subroutine 
call, only the contents 
of the program 


counter 
(PCH 
and PCL) 
are stacked. 


0 
$0000 
0 
PORT 
A 
$00 
I/O 
Ports 
1 
PORT 
B 
$01 


Timer 
2 
PORT 
C 
$02 


127 
SCI 
3 
PORT 
D 
$03 


128 
RAM 
4 
PORT 
A DDA 
$04 


(128Bytes) 
5 
PORT 
BOOR 
$05 


6 
PORT 
C DOR 
$06 


255 
Stack 
7 
PORT 
OOOR 
$07 


256 
8 T,mer Data Reg 
$08 


Not 
Used 
9 T,mer CTAl Reg $09 


6143 
10 
ISC 
eg 
$OA 


6144 


ROM 
Not 
Used 


(2.048Bytes) 


8180 
--------- 
SCI CTAl Reg 
$10 


Interrupt 
SCI 
STS 
Reg 
$11 


8191 
Vectors 
SCI 
Data 
Reg 
$12 
8192 


Not 
Used 


Not 
Used 


$7F 


7 
6 
543 
2 
1 
0 


Condition 
Code 
Register 


• 
REGISTERS 
There 
are five registers 
which the programmer 
can operate. 
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• 
Condition 
Code 
Register 
(CCR) 


The condition 
code 
register 
is a S-bit register, 
each 
bit indicat- 


ing the resull 
of the instruction 
just executed. 
The 
bits can be in- 


dividually 
tested 
by 
conditional 
branch 
instructions. 
The 
CCR 


bits are as follows: 
Half Carry 
(H): 
Used 
to indicate 
that 
a carry 
occurred 
between 


bits 
3 
and 
4 
during 
an 
arithmetic 
operation 


(ADD, 
ADO. 
Selling 
this 
bit 
causes 
all 
interrupts, 
except 
a 


software 
interrupt, 
to be masked. 
If an interrupt 


occurs 
with 
the 
bit I set, 
it is latched. 
It will be 


processed 
the 
instant 
the 
interrupt 
mask 
bit 
is 


reset. 
(More 
specifically, 
it will enter 
the 
inter- 


rupt 
processing 
routine 
after 
the 
instruction 
fol- 
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7 
0 


I==========A==========I 
Accumulator 
7 
0 


I 
X 
Iindex 
__________ 
Register 


13 
0 


I 


PC 
I Program 
_________________ 
Counter 


13 
6 5 
0 


~======S=P======I~b~;fer 


Condition 
Code 
Register 
~ggX~ 
Zero 


Negative 


Interrupt 
Mask 
Half 
Carry 


• 
Accumulator 
(A) 


This 
accumulator 
is a general 
purpose 
8-bit 
register 
which 


holds 
operands 
or 
the 
result 
of 
arithmetic 
operation 
or 
data 


processing. 


• 
Inde" 
Register 
(X) 


The 
index 
register 
is an 8-bit 
register, 
and 
is used 
for index 


addressing 
mode. 
Each of the addresses 
contained 
in the register 


consists 
of 8 bits which, 
combined 
with an otTset value, 
provides 


an etTective address. 
In the case of a read/modify/write 
instruction, 
the index 
regis- 


ter can be used 
like an accumulator 
to hold operation 
data or the 


result 
of operation. 
If not 
used 
in the 
index 
addressing 
mode, 
the register 
can be 


used 
to store 
data temporarily. 


• 
Program 
Counter 
(PC) 


The 
program 
counter 
is a 14-bit 
register 
that 
contains 
the ad- 


dress 
of the next 
instruction 
to be executed. 


• 
Stack 
Pointer 
(SP) 


The 
stack 
pointer 
is a 14-bit register 
that indicates 
the address 


of the next stacking 
space. Just 
after reset, 
the stack pointer 
is set 


at 'address 
SOOFF. It is decremented 
when 
data is pushed, 
and in- 


cremented 
when 
pulled. 
The 
upper 
8 bits of the stack 
pointer 
are 


fixed to 00000011. 
During 
the MCU 
being reset 
or during 
a reset 


stack 
pointer 
(RSP) 
instruction, 
the 
pointer 
is set 
to 
address 


SOOFF. Since 
a subroutine 
or interrupt 
can 
use space 
up to ad- 


dress 
SOOCI for stacking, 
the 
subroutine 
can 
be used 
up to 31 


levels and the interrupt 
up to 12 levels. 


lowing 
the CLI has been 
executed.) 


Used 
to indicate 
that 
the 
result 
of the 
most 
re- 


cent 
arithmetic 
operation, 
logical 
operation 
or 
data processing 
is negative 
(bit 7 is logic "I" J. 


Used 
to indicate 
that 
the 
resull 
of the 
most 
re- 


cent 
arithmetic 
operation, 
logical 
operation 
or 
data processing 
is zero. 


Represents 
a carry 
or 
borrow 
that 
occurred 
in 


the most 
recent 
arithmetic 
operation. 
This 
bit is 


also atTected by the 
Bit Test 
and 
Branch 
instruc- 
tion, a shift instruction 
and a Rotate 
instruction. 


• 
INTERRUPT 
There 
are 
six ditTerent 
types 
of interrupt: 
external 
interrupts 


(INT, 
INT.,), 
internal 
timer 
interrupts 
(TIMER, 
TIMER.), 
serial 


interrupt 
(SCI) and interrupt 
by an instruction 
(SWI). 
- 


Of these 
six interrupts, 
the 
INT., and TIMER 
or the SCI and 


TIMER, 
generate 
the 
same 
vect~r 
address, 
respectively. 
Al- 


though, 
a ditTerent 
vector 
address 
is generated 
for a timer 
inter- 
rupt during 
the wait mode, 
as shown 
in Table 
1. 


When 
an interrupt 
occurs, 
the 
program 
in progress 
stops 
and 


then 
the CPU 
status 
is saved 
onto 
the stack. 
And then, 
the inter- 


rupt 
mask 
bit 
(I) 
of the 
condition 
code 
register 
is set 
and 
the 
start 
address 
of the interrupt 
processing 
routine 
is obtained 
from 


a particular 
interrupt 
vector 
address. 
Then 
the 
interrupt 
routine 
starts 
from 
the 
start 
address. 
System 
can exit from 
the 
interrupt 
routine 
by a RTI 
instruction. 
When 
this instruction 
is executed, 


the 
CPU 
status 
before 
the 
interrupt 
(saved 
onto 
the 
stack) 
is 


pulled 
and 
the 
CPU 
restarts 
the 
sequence 
with 
the 
instruction 
next 
to the one at which 
the interrupt 
occurred. 
Table 
1 lists the 


priority 
of interrupts 
and their 
vector 
addresses. 


Priority 
Interrupt 
Vector 
Address 


1 
RES 
$1 FFE. 
$IFFF 


2 
SWI 
$IFFC. 
$IFFD 


3 
INT 
$IFFA, 
$lFFB 


4 
TIMER/INT, 
$IFF8, 
$IFF9 


5 
TIMER 
(WAIT) 
$IFF6. 
$lFF7 


6 
SCIITIMER, 
$IFF4, 
$lFF5 


A nowchart 
of the 
interrupt 
sequence 
is shown 
in Fig. 
7. A 


block diagram 
of the interrupt 
request 
source 
is shown 
in~ 
8. 


In the block diagram 
of Fig. 8, the external 
interrupt 
INT. 
is a 


falling edge trigger 
input, 
whereas, 
the external 
interrupt TNt can 


be configured 
as a falling edge 
trigger 
input 
or a combination 
of 


falling edge 
and 
low level 
trigger 
input, 
depending 
on the status 
of bit 
S in the 
miscellaneous 
register 
(MR). 
When 
an 
interrupt 


request 
is detected 
at the 
INT.. or 
INT 
inputs, 
an 
interrupt 
re- 
quest 
is generated 
and 
latched.-The 
INT 
interrupt 
request 
is au- 
tomatically 
cleared 
if jumping 
is made 
to 
the 
INT 
processing 


routine. 
Meanwhile, 
the INT.. request 
is cleared 
if "0" is wrillen 


in bit 7 of the miscellaneous 
register. 


For 
the 
external 
interrupts 
(INT, 
INT.,), 
internal 
timer 
inter- 


rupts 
(TIMER, 
TIMER.,) 
and 
serial 
inte'-rupt 
(SCI), 
each 
inter- 


rupt 
request 
is held, 
bui 
not 
processed, 
if the 
I bit of the condi- 


tion code 
register 
is set. Immediately 
after 
the I bit is cleared, 
the 
corresponding 
interrupt 
processing 
starts 
according 
to the priority. 


The 
INT.. 
interrupt 
can 
be 
masked 
by selling 
bit 
6 of 
the 


miscellaneous 
register; 
the 
TIMER 
interrupt 
by selling 
bit 6 of 


the timer 
control 
register; 
the SCI interrupt 
by selling 
bit S of the 


serial status 
register; 
and the TIM ER, interrupt 
by selling 
bit 4 of 


the serial status 
register. 


The 
status 
of the INT terminal 
can be tested 
by a BIL or BIH 


instruction. 
The 
INT falling edge and falling edge/low 
level detec- 


1~' 
Bit 


$FF 
~ 
SP 


O~DDR. 


Clear 
INT 
Logic 


$FO~TDR 


$7F 
~ 
Timer 
Prescaler 


$50 -+ TCR 
$3F ~SSR 


$OO~SCR 


$5F 
~MR 


Load 
PC From 


SWI 
: $1 FFC. 
$1 FFD 


INT: 
$1 FFA. 
$1 FFB 


TIMER: 
$1 FFB. 
$1 FF9 


INT}: 
51FF8.51FF9 


TIMER 
(WAIT): 
$1 FF6. 


$1 FF7 


SCI: 
$lFF4. 
$1FF5 


TIMER}: 
51 FF4. 
$1 FF5 


tor circuit 
and 
its latching 
circuit 
are 
independent 
of testin~ 
these 
instructions. 
This 
is also 
true 
with 
the 
status 
of the 
INT, 
terminal. 


• 
Miscellaneous 
Register (MR; $OOOA) 


The 
external 
interrupt 
INT, 
and 
the 
TIM ER 
interrupt 
have 
identical 
interrupt 
vector 
addresses, 
as shown 
in Table 
1. For this 
reason, 
bits 6 and 7 of a special 
register 
called 
the miscellaneous 
register 
(MR: 
$OOOA) are available 
to control 
the INT. 
interrupt. 


Moreover, 
bit 5 of the 
MR 
controls 
the 
sensing 
mode 
for the 


INT 
interrupt 
detector 
(falling 
edge 
detector 
or falling edge/low 
level detector). 
Bit 7 of the 
MR 
is the 
INT 
interrupt 
request 
flag. When 
a 
falling edge 
is detected 
at the rnT, terminal, 
bit 7 is set to "1" 


Then 
the 
interrupt 
routine 
software 
(vector 
addresses: 
$1 FFS, 


$1 FF9) 
checks 
bit 7 to see 
if an INT, 
interrupt 
occurred. 
Bit 7 


can be reset by software. 


tNT} 
Interrupt 
Mask 


I NT] 
I nterrupt 
Request 
Flag 
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Bit 6 is the INT. interrupt 
mask bit. If this bit is set to "I", 


then the INT, 
inter-rupt is disabled. Both read and write are pos- 


sible with bit 7, but "I" 
cannot be written in this bit by software. 
In other words, an INT, interrupt request by software is not pos- 
sible. 
Bit 5 is the control bit for INT interrupt detection. If this bit is 
reset to "0", 
the detection logic will detect a falling edge. When 


this bit is set to "I", 
the detection logic will detect a falling edge 


or a low level. 


When reset, bit 7 is cleared to "0", 
bit 6 is set to "I" 
and bit 


5 is cleared to "0". 


• 
TIMER 
Figure 9 shows an MCU timer block diagram. The timer data 
register is loaded by software and, upon receipt of a clock input, 
begins to count down. When the timer data register (TDR) 
be- 


comes "0", 
the timer interrupt 
request bit (bit 7) in the timer 


control 
register is set. In response to the interrupt 
request, the 


MCU saves its status into the stack and fetches the timer inter- 
rupt routine addresses SIFF8 and SIFF9 
(or SIFF6 and SlFF7 


when the timer interrupt occures during the wait mode) and ex- 


8tH, 
BIL 
Test 
F.lling 
Edge 
Detector 


iN'f 
Interrupt 
L.tch 


ecutes the interrupt 
routine. The timer interrupt can be masked 


by setting the timer interrupt 
mask bit (bit 6) in the timer con- 


trol register. The mask bit (I) in the condition code register can 
also mask the timer interrupt. 


The source clock to the timer can be either an external signal 
from the timer input terminal or the internal E signal (the oscil- 
lator clock divided by 4). If the E signal is used as the source, 
the clock input can be gated by the input to the timer input ter- 
minal. 


Once the timer count has reached 0, it stans counting down 
with "FF". 
The count can be monitored 
whenever desired by 


reading the timer data register. This permits the program to know 
the length of time having passed after the occurrence of a timer 
interrupt, without disturbing the contents of the counter. 


When the MCU is reset or placed in the stop mode, the timer 
data register (TDR) 
is initialized to SFO.The timer interrupt 
re- 
quest bit (bit 7) then is cleared and the timer interrupt mask bit 
(bit 6) is set. 


To clear the timer interrupt request bit (bit 7), it is necessary 


to write "0" 
in that bit. 


($1 FF6. 
$1 FF7 
for 


TIMER 
interrupt 
during 


the WAIT 
model 
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TCR7 


o 


TCR6 


o 


• 
Timer Control Register (TCR; $0009) 
Selection 
of a clock source, 
selection 
of a prescaler 
frequency 
division 
ratio, 
and 
a timer 
interrupt 
can 
be 
controlled 
by the 


timer 
control 
register 
(TCR; 
$0009). 
For the selection 
of a clock source, 
anyone 
of the four modes 


(see Table 
2) can be selected 
by bits 5 and 4 of the timer 
control 


register 
(TCR). 


L Prescaler division ratio selection 
Prescaler initialize 


---------- 
Clock input source 


Timer interrupt mask 
Timer 
in terrupt 
request 


After 
reset, 
the TCR 
is initialized 
to "E 
under 
timer 
terminal 


control" 
(bit 5 = 0, bit 4 = 1). If the timer 
terminal 
is "1", 
the 


counter 
starts 
counting 
down 
with "$FO" 
immediately 
after reset. 


When 
"I" 
is written 
in bit J, the 
prescaler 
is initialized 
to 


"$7F". 
This 
bit always shows 
"0" 
when 
read. 


TCR 
Clock 
input 
source 


Bit 5 
Bit 4 


0 
0 
Internal 
clock 
E 


0 
1 
E under 
TIMER 
terminal 
control 


1 
0 
No clock 
input 
(counting 
stopped) 


1 
1 
Event 
input 
from 
TIMER 
terminal 


A prescaler 
division 
ratio 
is selected 
by the 
combination 
of 


three 
bits 
(bits 
0, 
1 and 
2) of the 
timer 
control 
register 
(see 


Table 
J). There 
are eight 
different 
division 
ratios: 
+ I, + 2, + 4, 


+ 8, + 16, + 32, + 64 and + 128. After 
reset, 
the TCR 
is set to 


the + 1 mode. 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler 
division 
ratio 


0 
0 
0 
"'1 


0 
0 
1 
"'2 


0 
1 
0 
"'4 


0 
1 
1 
"'8 


1 
0 
0 
"'16 


1 
0 
1 
"'32 


1 
1 
0 
"'64 


1 
1 
1 
"'128 


(In ternal 


Clockl 
E 


rupt occurs, 
"1" 
is set in the timer 
interrupt 
request 
bit. This 
bit 


can be cleared 
by writing 
"0" 
in that bit. 
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• 
SERIAL COMMUNICATION 
INTERFACE (SCIl 


This 
interface 
is used 
for serial transmission 
or reception 
of 8- 


bit data. 
Sixteen 
transfer 
rates 
are available 
in the 
range 
from 
1 


I-'s to approx. 
32 ms (for oscillation 
at 4 MHz). 
The 
SCI 
consists 
of three 
registers, 
one 
eighth 
counter 
and 


one 
prescaler. 
(See 
Fig. 
10.) 
SCI 
communicates 
with 
the 
CPU 


via the 
data 
bus, 
and 
with 
the 
outside 
world 
through 
bits 3, 4 


and 
5 of port 
D. Described 
below are the operations 
of each 
reg- 


_ 
rJi--, 


Ds(CK) 
: 


I 
II 
II 
II 
I 


D4(Rx) 
: 
-------, 


D3(Tx) 
: 
----' 
IL 
.J 


Transfer 
Clock 
Generator 


SCR7 


o 


SCR6 


o 


SCR5 
SCR4 
Clock 
source 
Ds terminal 


0 
0 
- 
Used as 1/0 terminal 
(by 


0 
1 
- 
DDR) 


, 
0 
Internal 
Clock 
output 
(DDR output) 
, 
1 
External 
Clock 
input 
(DDR 
input) 


Bit 7 (SCR7) 


When 
this 
bit is set, 
the 
DDR 
corresponding 
to the 
D, be- 
comes 
"I" 
and this terminal 
serves 
for output 
of SCI data. 
After 


reset, 
the bit is cleared 
to "0". 


Bit 6 (SCR6) 


When 
this 
bit is set, 
the 
DDR 
corresponding 
to the 
D, 
be- 


comes 
"0" 
and 
this terminal 
serves 
for input 
of SCI data. 
After 


reset, 
the bit is cleared 
to "0". 


Bits 5 and 4 (SCR5, 
SCR4) 
These 
bits are 
used 
to select 
a clock 
source. 
After 
reset, 
the 


bits are cleared 
to "0". 


Bits 3 - 
0 (SCR3 
- 
SCRO) 


These 
bits are used 
to select 
a transfer 
clock rate. 
After 
reset, 


the bits are cleared 
to "0". 
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Transfer 
clock 
rate 


SCR3 
SCR2 
SCRI 
SCRO 
4.00 
MHz 
4.194 
MHz 


0 
0 
0 
0 
1 JlS 
0.95 JlS 


0 
0 
0 
1 
2Jls 
1.91 Jls 


0 
0 
1 
0 
4Jls 
3.82 
JlS 


0 
0 
1 
1 
8 JlS 
7.64Jls 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768 
JlS 
1/325 


• 
SCI Data Register ISDR; $0012) 
A serial-parallel 
conversion 
register 
that is used 
for transfer 
of 


data. 


Bit 7 (SSR7) 
Bit 7 is the 
SCI interrupt 
request 
bit which 
is set upon 
com- 


pletion 
of transmitting 
or receiving 
8-bit data. 
It is cleared 
when 


reset 
or data 
is written 
to or read from 
the SCI data register 
with 


the SCRS = "I". 
The 
bit can also be cleared 
by writing 
"0" 
in 


it. 


Bit 6 (SSR6) 
Bit 6 is the 
TIMER, 
interrupt 
request 
bit. 
TIMER, 
is used 


commonly 
with 
the 
serial 
clock generator, 
and 
SSR6 
is set each 


time 
the 
internal 
transfer 
clock 
falls. 
When 
reset, 
the 
bit 
is 


cleared. 
It also 
be cleared 
by writing 
"0" 
in it. (For 
details, 
see 


TIMER,.) 


Bit S (SSRS) 
Bit S is the SCI interrupt 
mask 
bit which can be set or cleared 


by software. 
When 
it is "I", 
the SCI interrupt 
(SSR 7) is masked. 


When 
reset, 
it is set to "I". 


SSR7 
o 


SCI interrupt 
request 


Absent 


Present 


SSR6 
o 


TIMER, 
interrupt 
request 


Absent 


Present 


SSR5 
o 


SCI interrupt 
mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER, 
interrupt 
mask 


Enabled 


Disabled 


Bit 4 (SSR4) 
Bit 4 is the 
TIMER., 
interrupt 
mask 
bit which 
can 
be set 
or 


cleared 
by software. 
When 
the bit is "I", 
the TIM ER, 
interrupt 


(SSR6) 
is masked. 
When 
reset, 
it is set to "I ". 


Bit 3 (SSR3) 
W~en 
"I" 
is written 
in this bit, the 
prescaler 
of the 
transfer 


clock generator 
is initialized. 
When 
read, 
the bit always is "0". 


• 
Data Transmission 
By writing 
the desired 
control 
bits into 
the 
SCI control 
regis- 
ters, a transfer 
rate and a source 
of transfer 
clock are determined 


and bits 3 and S of port 0 are set at the serial data output 
termi- 


nal and 
the serial clock 
terminal, 
respectively. 
The 
transmit 
data 


should 
be stored 
from 
the accumulator 
or index 
register 
into the 


SCI data register. 
The data written 
in the SCI data register 
is out- 


put 
from 
the 
D/Tx 
terminal, 
starting 
with 
the 
LSB, 
syn- 


chronously 
with the falling edge of the serial clock. 
(See Fig. I I.) 


When 
8 bits of data have 
been 
transmitted, 
the interrupt 
request 


bit is set in bit 7 of the 
SCI status 
register. 
This 
request 
can be 


masked 
by setting 
bit S of the SCI status 
register. 
Once 
the data 


has been 
sent, 
the 8th bit data 
(MSB) 
stays 
at the 
D./Tx 
termi- 


nal. 
If an 
external 
clock 
source 
has 
been 
selected, 
the 
transfer 


rate 
determined 
by bits 0 - 
3 of the SCI control 
register 
is ig- 


nored, 
and 
the 
D/CK 
termina~ 
set 
as input. 
If the 
internal 


clock has been 
selected, 
the D/CK 
terminal 
is set as output 
and 


clocks are output 
at the transfer 
rate selected 
by bits 0 - 
3 of the 


SCI control 
register. 


• 
Data Reception 
By writing 
the desired 
control 
bits into 
the SCI control 
regis- 


ter, a transfer 
rate and a source 
of transfer 
clock are determined 


and bits 4 and 
S of Port 
D are set at the serial data 
input 
termi- 


nal and the serial clock terminal, 
respectively. 
Then 
dummy-writ- 


ing or -reading 
the SCI data 
register, 
the system 
is ready 
for re- 


ceiving 
data. 
(This 
procedure 
is not 
needed 
for the 
second 
and 


subsequent 
data receptions. 
It must 
be taken 
only after resetting.) 


The 
data 
from 
the 
D/Rx 
terminal 
is input 
to the 
SCI 
data 


register 
synchronously 
with 
the 
leading 
edge 
of the 
serial 
clock 
(see Fig. I I). When 
8 bits of data have 
been 
received, 
the inter- 


rupt 
request 
bit is set in bit 7 of the SCI status 
register. 
This 
re- 


quest 
can be masked 
by setting 
bit S of the SCI status 
register. 
If 


an external 
clock source 
have 
been 
selected, 
the transfer 
rate de- 


termined 
by bits 0 - 
3 of the SCI control 
register 
is ignored 
and 


the 
data 
is received 
synchronously 
with 
the 
clock 
from 
the 
D,I 


CK 
terminal. 
If the 
internal 
clock 
has been 
selected, 
the 
D-IcK 


terminal 
is set as output 
and clocks are output 
at the transfe( 
rate 


selected 
by bits 0 - 
3 of the SCI control 
register. 


• 
TIMER, 
The 
SCI transfer 
clock generator 
can be used 
as a timer. 
The 


clock selected 
by bits 3 - 
0 of the SCI control 
register 
(4 JLs 
- 


approx. 
32 ms (for oscillation 
at 4 MHz» 
is input 
to bit 6 of the 


SCI status 
register 
and the TIMER, 
interrupt 
request 
bit is set at 


each 
falling edge of the clock. Since interrupt 
requests 
occur 
peri- 


odically, 
TIMER, 
can be used as a reload 
counter 
or clock. 
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-..1, 
: Transfer 
clock 
generator 
is reset and mask bit 
(bit 4 


of 
sel 
status register) is cleared. 


CV. <!' : TIMER> 
interrupt 
request 


®. ® :TIMEA2 
interrupt request bit cleared 


TIMER.. is commonly used with the SCI transfer clock gener- 


ator. If wanting to use TIMER.. independently of the SCI, specify 
"External" 
(SCR5 = 1, SCR4'= I) as the SCI clock source. 
If "Internal" 
is selected as the clock source, reading or writing 


the SDR causes the prescaler of the transfer clock generator to 
be initialized . 


• 
I/O PORTS 
There are 31 input/output 
terminals (ports A, B, C, D). Each 


I/O terminal 
can be selected for either input or output by the 


data direction register. More specifically, an 110 port will be input 
if "0" 
is written in the data direction register, and output if "I" 
is written in the data direction register. Port A, B, C or Dreads 
latched data if it has been programmed as output, even with the 
output level being nuctuated by the output load. (See Fig. 12.) 


When reset, the data direction register goes "0" 
and all the 


input/output 
terminals are used as input. 


Bit of data 
Bit of 
Status of 
Input to 
direction 
output 
output 
CPU 
register 
data 


1 
a 
a 
a 


1 
1 
1 
1 


a 
x 
3-state 
Pin 


All 
input/output 
terminals 
are TTL 
compatible and CMOS 


compatible in respect of both input and output. 


If 110 ports are not used, they should be connected to Vss via 


resistors. With none connected to these terminals, there is the 
possibility of power being consumed despite that they are not 
used. 


• 
RESET 
The MCU can be reset either by external reset input (RES) or 


power-on reset. (See Fig. 13.) On power up, the reset input must 
be held "Low" 
for at least tose to assure that the internal oscilla- 


tor is stabilized. A sufficient time of delay can be obtained by 
connecting a capacitance to the RES input as shown in Fig. 14. 


HD6305UO 
MCU 


• 
INTERNAL 
OSCillATOR 


The 
internal 
oscillator 
circuit 
is designed 
to meet 
the 
require- 


ment 
for 
minimum 
external 
configurations. 
It 
can 
be 
driven 
by 


connecting a crystal (AT cut 2.0 - 
8.0 M Hz) or ceramic oscilla- 


tor between pins 38 and 39 depending on the required oscillation 
frequency stability. 


Three different 
terminal 
connections are shown in 
Fig. 15. 


Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 
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39 
EXTAL 


JiO-~OMH~3a 
XTAL 


10-22pF±20% 


HD6305UO 
MCU 


HD6305UO 
MCU 


External 
Ceramic 
Oscillator 


Clock 
Input39 
EXTAL 


NC38 
XTAL 
HD6305UO 


MCU 


C, 
C~ 


S 


XTAL 
EXTAL 


38 
Co 
39 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=20-a.OMHz 
Rs=6QQ 
max. 


[NOTE I 
Use as short wirings as possible for connection of the crystal 
with 
the EXTAL 
and XTAL 
terminals. 
00 not allow these 


wirings to cross others. 


• 
LOW POWER 
DISSIPATION 
MODE 
The 
HD6305UO 
has three 
low power 
dissipation 
modes: 
wait, 


stop and standby. 


• 
Wait 
Mode 
When 
WAIT 
instruction 
being executed, 
the MCU 
enters 
into 


the 
wait mode. 
In this mode, 
the oscillator 
stays 
active 
but 
the 


internal 
clock stops. 
The 
CPU 
stops 
but the 
peripheral 
functions 


- 
the· timer 
and the serial communication 
interface 
- 
stay 
active. 
(NOTE: 
Once 
the system 
has entered 
the wait mode, 
the 


serial communication 
interface can no longer be retriggered.) In 


the 
wait 
mode, 
the 
registers 
(except 
the 
I bit of the 
condition 
code 
register 
which 
is cleared), 
RAM 
and 
I/O 
terminals 
hold 


their condition 
just before 
entering 
into the wait mode. 


The 
e~e 
from 
this 
mode 
c~e 
done 
by interrupt 
(lNT, 


TIMER/INT., 
or SCI/TIMER.), 
RES 
or ST8Y. 
The 
RES 
resets 


the 
MCU 
an-d the STBY 
brin-gs it into 
the standby 
mode. 
(This 


will be mentioned 
later.) 


When 
interrupt 
is requested 
to the 
CPU 
and 
accepted, 
the 


wait 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the 
operation 


mode 
and 
vectors 
to the 
interrupt. 
routine. 
If an interrupt 
other 


than 
the 
INT 
(i.e., TIMER/INT, 
or SCIITlMER,) 
is masked 
by 


the 
timer 
control 
register, 
miscellaneous 
register 
or serial 
status 


register, 
there 
is no 
interrupt 
request 
to the 
CPU, 
so the 
wait 


mode 
cannot 
be released. 


Fig. 18 shows 
a flowchart 
for the wait function . 


• 
Stop 
Mode 
When 
STOP 
instruction 
being executed, 
MCU 
enters 
into the 


stop 
mode. 
In this mode, 
the oscillator 
stops 
and 
the 
CPU 
and 


peripheral 
functions 
become 
inactive, 
but 
the 
RAM, 
registers 


(except 
bits 6 and 7 of the timer 
control 
register 
and the 
I bit of 


the condition 
code 
register) 
and 
I/O 
terminals 
hold 
their 
condi- 


tion just 
before 
entering 
the stop 
mode. 
Bits 6 and 7 of the timer 


control 
register 
are initialized 
to "I" 
and "0", 
bits 7, 6, 5 and 4 


of SCI slatus 
register 
are initialized 
"0", 
"0", 
"1", 
"1", 
respec- 


tively, and the I bit of the condition 
code register 
is cleared. 


The 
escape 
from 
this mode 
can be done 
by an external 
inter- 


rupt 
((NT 
or 
INT,), 
RES 
or STBY. 
The 
RES 
resets 
the 
MCU 


and the STBY brings 
into the standby 
mode. 


When 
interrupt 
is requested 
to 
the 
CPU 
and 
accepted, 
the 


stop 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the 
operation 


mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
INT, 
interrupt 


is masked 
by the miscellaneous 
register, 
there 
is no interrupt 
re- 


quest 
to the MCU, 
so the stop mode 
cannot 
be released. 
Fig. 19 shows 
a flowchart 
for the stop function. 
Fig. 20 shows 


a timing 
chart 
of return 
to the 
operation 
mode 
from 
the 
stop 


mode. 


For 
releasing 
from 
the stop 
mode 
by an interrupt, 
oscillation 
starts 
upon 
input 
of the 
interrupt 
and, 
after 
the 
internal 
delay 


time 
for stabilized 
oscillation, 
the 
CPU 
becomes 
active. 
For 
re- 


starting 
by RES, 
oscillation 
starts 
when 
the 
RES goes 
"0" 
and 


the CPU 
restarts 
when 
the 
RES goes 
"I". 
The 
duration 
of RES 


"0" 
must 
exceed 
tose to assure 
stabilized 
oscillation. 


• 
Standby 
Mode 
The 
MCU 
enters 
into the standby 
mode 
when 
the STBY ter- 


minal 
goes 
"Low". 
In this mode, 
all operations 
stop and the in- 


ternal 
condition 
is reset 
but 
the contents 
of the 
RAM 
are hold. 


The 
I/O 
terminals 
turn 
to 
high-impedance 
state. 
The 
standby 


mode 
should 
escape 
by bringing 
STBY 
"High". 
The 
CPU 
must 


be restarted 
by reset. 
The 
timing 
of input 
signals 
at the RES and 


STBY terminals 
is shown 
in Fig. 21. 


Table 
4 lists the status 
of each 
parts of the 
MCU 
in each 
low 


power dissipation 
modes. Transitions 
between each mode are 


shown 
in Fig. 22. 
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Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 
Clear I bit 


Initialize 
CPU, TIMER, SCI, 
I/O and All 
Other Functions 


Fetch 
Instruction 


Restart 
Processor Clocks 


Load PC from 
Interrupt 
Vector 
Addresses 
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Stop Oscillator 
and All Clocks 
Clear I bit 
TCR7 - 
0 


TCR6 - 
1 
SSR7 - 
0 


SSR6 - 
0 
SSR5 - 
1 
SSR4 - 
1 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 
Addresses 
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Oscillator 1IIIIIIIIIIIIJI 


Oscillator~ 


~ 


I 


STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized (toscl 


Condition 


Mode 
Start 
Oscil- 
Timer, 
. 
I/O 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT in- 
STBY, RES,INT, 
INT" 
WAIT 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft- 
struction 
TIMER, TIMER" 
SCI 
- 
ware 
STOP 
STOP in- 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY, RES, INT, INT, 
struction 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im- 
STBY="High" 
by 
ware 
pedance 


ii' 
'J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'-_" 
__ 
1.. __ 
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Figure 
22 
Transitions 
among 
Active 
Mode, 
Wait Mode, 


Stop 
Mode, 
Standby 
Mode and Reset 


• 
BIT MANIPULATION 
The 
HD6305VO 
MCV 
can use a single 
instruction 
(BSET 
or 


BCLR) 
to set or clear one bit of the RAM 
or an 110 port. 
Every 


bit of memory 
or 110 within 
page 0 ($00 
- 
$FF) 
can be tested 


by the BRSET 
or BRCLR 
inslruction; 
depending 
on Ihe result 
of 


the 
test, 
the 
program 
can 
branch 
10 required 
destinations. 
Since 
bits in Ihe RAM, 
or 110 can be manipulated, 
the user may use a 
bit within 
the 
RAM 
as a flag or handle 
a single 
110 bit as an in- 


dependenl 
110 
terminal. 
Fig. 
23 
shows 
an 
example 
of 
bit 


manipulation 
and the validity 
of tesl instructions. 
In the example, 
the 
program 
is configured 
assuming 
that 
bit 0 of port 
A is con- 
necled 
to a zero cross 
detector 
circuit 
and bit I of the same 
port 


10 the trigger 
of a lriac. 


The 
program 
shown 
can 
aClivate 
the 
triac 
within 
a time 
of 


tOJLS 
from 
zero-crossing 
through 
the 
use of only 
7 bytes 
on the 


ROM. 
The 
on-chip 
timer 
provides 
a required 
time 
of delay 
and 


pulse 
width 
modulation 
of power 
is also possible. 


SE l F 
1. 
BRClR 
0, PORT 
A. SELF 
1 
BSET 
1. PORT 
A 
BClR 
1, PORT 
A 


• 
ADDRESSING 
MODES 
Ten 
different 
addressing 
modes 
are 
available 
to 
the 


HD6305VO 
MCV. 


• 
Immediate 
See Fig. 24. The 
immediate 
addressing 
mode 
provides 
access 
to a constant 
which 
does 
not 
vary during 
execution 
of the 
pro- 


gram. 


This 
access 
requires 
an instruction 
length 
of 2 bytes. 
The 
ef- 


fective 
address 
(EA) 
is PC and 
the 
operand 
is fetched 
from 
the 
byte that follows the operation 
code. 


See Fig. 25. In the direct 
addressing 
mode, 
the address 
of the 


operand 
is contained 
in the 2nd byte of the instruclion. 
The 
user 


can gain direct 
access 
to memory 
up to the lower 
255th 
address. 


All RAM 
and 
110 registers 
are on page 0 of address 
space so that 


the direct 
addressing 
mode 
may be utilized. 


• 
Extended 
See Fig. 26. the extended 
addressing 
is used for referencing 
to 


all addresses 
of memory. 
The 
EA is the contents 
of the 
2 bytes 


that 
follow 
the 
operation 
code. 
An extended 
addressing 
instruc- 


tion requires 
a length 
of 3 bytes. 


• 
Relative 
See Fig. 27. The 
relative 
addressing 
mode 
is used 
with branch 


instructions 
only. 
When 
a branch 
occurs, 
the program 
counter 
is 


loaded 
with the contents 
of the byle following 
the operation 
code. 
EA = (PC) + 2 + 
ReI., where 
ReI. indicates 
a signed 
8-bit data 


following 
the 
operation 
code. 
If no 
branch 
occurs, 
ReI. = O. 


When 
a branch 
occurs, 
the 
program 
jumps 
to any 
byte 
in the 


range + 129 to - 
127. A branch 
instruclion 
requires 
a length 
of 2 


bytes. 


• 
Indexed 
(No Offset) 
See Fig. 28. The 
indexed 
addressing 
mode 
allows access 
up to 


the lower 
255th 
address 
of memory. 
In Ihis mode, 
an inslruction 


requires 
a length 
of one 
byte. The 
EA is the contents 
of the in- 


dex register. 


• 
Indexed 
(S-bit 
Offset) 
See Fig. 29. The 
EA is the contents 
of the byte following 
the 


operation 
code, 
plus 
the 
contents 
of 
the 
index 
register. 
This 


mode 
allows 
access 
up to the 
lower 
511 th address 
of memory. 


Each 
instruclion 
when 
used 
in the 
index 
addressing 
mode 
(8-bit 


ofTset) requires 
a length 
of 2 bytes. 


• 
Indexed 
(16-bit 
Offset) 


See Fig. 30. The 
contents 
of the 
2 bytes 
following 
the 
opera- 


tion 
code 
are added 
to content 
of the 
index 
register 
10 compute 


the value 
of EA. In Ihis mode, 
the complete 
memory 
can be ac- 


cessed. 
When 
used 
in the 
indexed 
addressing 
mode 
06-bit 
off- 


sel), 
an instruction 
must 
be 3 bytes long. 


• 
Bit Set/Clear 
See Fig. 31. This addressing 
mode 
is applied 
to the BSET and 


BCLR 
instruclions 
thaI 
can set or clear any 
bit on page O. The 


lower 
3 bits 
of the 
operation 
code 
specify 
the 
bit to be sel 
or 


cleared. 
The 
byte Ihat follows the operation 
code indicates 
an ad- 


dress 
within 
page O. 


• 
Bit Test 
and 
Branch 
See 
Fig. 32. This 
addressing 
mode 
is applied 
to the 
BRSET 


and 
BRCLR 
inslructions 
that can 
test any bil wilhin 
page 0 and 


can be branched 
in the relative 
addressing 
mode. 
The 
byte 
10 be 


lested 
is addressed 
depending 
on the contents 
of the byte follow- 


ing 
the 
operalion 
code. 
Individual 
bits 
within 
the 
byte 
to 
be 


tested 
are specified 
by the lower 3 bits of the opera lion code. 
The 


3rd 
byte 
represents 
a relative 
value 
which 
will be added 
10 the 


program 
counter 
when 
a branch 
condition 
is established. 
Each of 


these 
instructions 
should 
be 3 bytes 
long. The result 
of the tesl is 


wrillen 
in the carry bit of Ihe condition 
code 
register. 
(Set if true, 


cleared 
otherwise.) 


• 
Implied 
See 
Fig. 
33. 
This 
mode 
involves 
no 
EA. 
All 
information 


needed for execution of an instruction is contained in the opera- 
tion code. Direct manipulation on the accumulator and index reg- 
ister is included in the implied addressing mode. Other instruc- 
tions 
such 
as SWI and 
RTI are also 
used 
in this 
mode. 
All in- 


structions 
used 
in the 
implied 
addressing 
mode 
should 
have 
a 


length 
of one byte. 
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Prog 
Counl 


0594 


CC 


PAOG 
BRClR 
2 PORT 
C PROG 
2 0574 
0575 
0576 
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Memory 


I 
:S 


"'''" 
"M~ 


~· 
. 
· 
. 
· 
. 
· 
. 


• 
INSTRUCTION 
SET 
There 
are 
62 
basic 
instructions 
available 
to 
the 
HD6305UO 


MCU. 
They 
can be classified 
into five categories: 
register/memo- 


ry, read/modify/write, 
branch, 
bit manipulation, 
and control. 
The 


details 
of each 
instruction 
are described 
in Tables 
5 through 
11. 


• 
Register/Memory 
Instructions 


Most 
of these 
instructions 
use 
two operands. 
One 
operand 
is 


either 
an 
accumulator 
or 
index 
register. 
The 
other 
is derived 


from 
memory 
using 
one 
of the 
addressing 
modes 
used 
on 
the 
HD6305UO 
MCU. 
There 
is no register 
operand 
in the 
uncondi- 


tional 
jump 
instruction 
(JMP) 
and 
the 
subroutine 
jump 
instruc- 


tion 
(JSR). 
See Table 
5. 


• 
Read/Modify/Write 
Instructions 


These 
instructions 
read a memory 
or register, 
then 
modify 
or 


test 
its contents, 
and 
write 
the 
modified 
value 
into 
the 
memory 


or register. 
Zero 
test 
instruction 
(TST) 
does 
not 
write 
data, 
and 


is handled 
as an exception 
in the 
read/modify/write 
group. 
See 
Table 
6. 


ES 
Index 
eg 


ES 
Stack 
Oint 
I 
Prog 
Count 
osaa 
cc 
I 


• 
Branch Instructions 
A branch 
instruction 
branches 
from 
the 
program 
sequence 
in 


progress 
if a particular 
condition 
is established. 
See Table 
7. 


• 
Bit Manipulation Instructions 
These 
instructions 
can be used 
with any bit located 
up to the 


lower 
255th 
address 
of memory. 
Two 
groups 
are available; 
one 


for setting 
or clearing 
and the other 
for bit testing 
and branching. 


See Table 
8. 


• 
Control Instructions 
The 
control 
instructions 
control 
the 
operation 
of the 
MCU 


which 
is executing 
a program. 
See Table 
9. 


• 
List of Instructions 
in Alphabetical 
Order 


Table 
10 lists 
all the 
instructions 
used 
on 
the 
HD6305UO 


M CU in the alphabetical 
order. 


• 
Operation 
Code 
Map 
Table 
11 shows 
the 
operation 
code 
map 
for the 
instructions 


used on the MCU. 
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Addreuing 
Modes 


Indued 
Indexed 
Indued 
Booleanl 
Condition 


Operations 
Mnemonic 
Arithmetic 
Cod. 


Immediate 
Direct 
Extended 
(No Offset) 
(8-Bot Oft••• , 116-BrtOftset) 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


load 
A from Memory 
LDA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
D6 
3 
5 
M-A 
·• 


1\ " · 
load 
X from 
Memory 
LDX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
· • 
1\ 
1\ · 
Store A In Memory 
5TA 
- - - 
B7 
2 
3 
C7 
3 
4 
F7 
1 
4 
E7 
2 
4 
D7 
3 
5 
A-M 
• ·" " • 
Store X in Memory 
STX 
- - - 
BF 
2 
3 
CF 
3 
4 
FF , 
4 
EF 
2 
4 
DF 
3 
5 
X-M 
• · 


"- 
"- • 
Add Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
A+M-·A 
1\ ·" 


1\ " 
Add Memory 
and Carry 


to A 
ADC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 
D9 
3 
5 
A+M+C-A 
" ·" 


"- 
1\ 


Subtract 
Memory 
SUB 
AD 
2 
2 
BD 
2 
3 
CD 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A-M-A 
• ·" 


1\ 
1\ 


Subtract 
Memory 
from 


A with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
D2 
3 
5 
A-M-C-A 
··" 


1\ " 
AND 
M.mory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
D4 
3 
5 
A- 
M-A 
· • 
"- " • 
OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
DA 
3 
5 
A+M-A 
· • 
1\ 
1\ · 
Exclusl ••••OR Memory 


wIth A 
EOR 
A8 
2 
2 
B8 
2 
3 
C8 
3 
4 
F8 
1 
3 
EB 
2 
4 
D8 
3 
5 
A+ 
M_A 
• ·" " • 
Arithmetic 
Compare 
A 


with 
Memory 
CMP 
A' 
2 
2 
Bl 
2 
3 
Cl 
3 
4 
F1 
1 
3 
El 
2 
4 
Dl 
3 
5 
A-M 
·· " " " 
Anthmetlc 
Compare 
X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
D3 
3 
5 
X-M 
·· " 
"- 


1\ 


B.t Test Memory 
with 


A (logical 
Compare) 
BIT 
AS 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
D5 
3 
5 
A-M 
• • 
1\ " • 
Jump 
UnconditIonal 
JMP 
- - - 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 
· • • .• 
Jump to 
Subroutine 
JSR 
- - 
- 
BD 
2 
5 
CD 
3 
6 
FD 
1 
5 
EO 
2 
5 
DD 
3 
6 
··.. • 


Symbols: 
Op = Operation 
• 
,. Number 
of bytes 


- 
= Number 
of cycles 


Addressing 
Modes 


Indexed 
Indexed 
Condition 


Operations 
Mnemonic 
BooleanlArithmetic 
Operation 
Cod. 


ImplledlA) 
Implled(Xj 
DIrect 
(No Offset) 
(8-Blt Offset) 


OP • 
- 
OP • 
- 
OP • 
- 
OP • - 
OP • 
- 
H 
I 
N 
Z 
C 


Increment 
INC 
4C 
1 
2 
5C 
1 
2 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 
A+ 
l_A 
or X+l-X 
or M+ 
l-M 
• • 


1\ " • 
Decrement 
DEC 
4A 
1 
2 
SA , 
2 
3A 
2 
5 
7A , 
5 
6A 
2 
6 
A-1-A 
or X-l-X 
or M-l_M 
• • 


1\ 
1\ · 
C'ear 
CLR 
4F 
1 
2 
SF 
1 
2 
3F 
2 
5 
7F , 
5 
6F 
2 
6 
OO-A 
or OO-X 
or OO-M 
• • 
0 
1 · 
Complement 
COM 
43 , 
2 
53 
1 
2 
33 
2 
5 
73 
1 
5 
63 
2 
6 
A-A 
or X-X 
or M-M 
• • " 


1\ 
1 


Negate 
OO-A_A 
or OO-X-X 


(2's Complement) 
NEG 
40 , 
2 
50 , 
2 
30 
2 
5 
70 , 
5 
60 
2 
6 
or OO-M-M 
• • 
"- 
1\ " 


Rotate left 
Thru 
Carry 
ROL 
49 
1 
2 
59 , 
2 
39 
2 
5 
79 
1 
5 
69 
2 
6 Lfub' 


AorXorU 
"IJ • · 


"- 
1\ 
I I I I I 
" 
I 
I 


Rotate 
Right 
Thru Carry 
ROR 
46 
1 
2 
56 
1 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 L&ib' 
H+:"I "I] • • " " 


"- 
c 
I 
I 


c b, 
.. 
logical 
Shlft 
left 
LSL 
48 
1 
2 
5B , 
2 
3B 
2 
5 
78 , 
5 
6B 
2 
6 CH I ~~:xHI I 1-0 • • " " 


"- 
b, 
.. 
C 
loglca' 
Shift 
Right 
LSR 
44 
1 
2 
54 
1 
2 
34 
2 
5 
74 
1 
5 
64 
2 
6 0" I H+.:..I I 1-0 • • 
0 " " 


Anthm.tlc 
Shift 
Right 
[fb, 
.. 
C 


ASR 
47 
1 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
H·H"I I 1-0 
• • 
"- " " 
I 


Arithm.tic 
Shift 
l.ft 
ASL 
48 , 
2 
5B , 
2 
3B 
2 
5 
78 
1 
5 
6B 
2 
6 
Equal to lSl 
• • " 


1\ 
1\ 


Tut 
for 
N.g.ti 
•••• 


or Z.ro 
TST 
4D 
1 
2 
5D 
1 
2 
3D 
2 
4 
7D 
1 
4 
6D 
2 
5 
A-OO 
or X-OO 
or M-OO 
• • 
"- 
1\ · 
Symbols: 
Op" 
Op.ration 


#I 
,. Number 
of bytes 
- 
• Number 
of cycles 
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AddressingModes 
Condition Code 
Operations 
Mnemonic 
Relative 
BranchTest 


OP 
1* 
- 
H 
I 
N 
Z 
C 


Branch Always 
BRA 
20 
2 
3 
None 
• • • • • 


Branch Never 
BRN 
21 
2 
3 
None 
• • • • • 
Branch IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 
Branch IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=1 
• • • • • 
Branch IF Carry Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 
(Branch IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 
Branch IF Carry Set 
BCS 
25 
2 
3 
C=1 
• • • • • 
(Branch IF lower) 
(BLO) 
25 
2 
3 
C=1 
• • • • • 


Branch IF Not Equal 
BNE 
26 
2 
3 
z=o 
• • • • • 
Branch IF Equal 
BEQ 
27 
2 
3 
Z=1 
• • • • • 
Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 


Branch IF Half Carry Set 
BHCS 
29 
2 
3 
H=1 
• • • • • 
Branch IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 
Branch IF Minus 
BMI 
2B 
2 
3 
N=1 
• • • • • 
Branch IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 
Branch IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 
Branch IF Interrupt 
line 


is low 
Bil 
2E 
2 
3 
INT=O 
• • • • • 
Branch IF Interrupt 
Line 


is High 
BIH 
2F 
2 
3 
INT=1 
• • • • • 
Branch to Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: 
Op 
II: Operation 


# 
- Number 
of bytes 


- 
- Number 
of cycles 


AddressingModes 
Boolean/ 
Condition Code 
Operations 
Mnemonic 
Bit Set/Clear 
BitTestandBranch Arithmetic 
Branch 


Test 
OP 
:l - 
OP 
:: - 
Operation 
H 
I 
N 
Z 
C 
Branch IF Bit n is set 
BRSETn(n-O· 
·7) 
- 
- 
2·n 
3 
5 
- 
Mn-l 
• • • • 


1\ 


Branch IF Bit n is clear 
BRCLRn(n-0···7) 
- 
- 
- 
01 +2·n 
3 
5 
- 
Mn=O 
• • • • 


1\ 


Set Bit n 
BSETn(n-O··· 7) 
10+2·n 
2 
5 
- 
- 
- 
I~Mn 
- 
• • • • • 
Clear Bit n 
BCLRn(n-0···7) 
11 +2·n 
2 
5 
- 
- - 
O~Mn 
- 
• • • • • 
Symbols: 
Op - Operation 
# 
• Number 
of bytes 


- 
= Number 
of cycles 
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Addressing Modes 


Condition 
Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
II 
- 
H 
1 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A~X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X~A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
1~C 
• • • • 
1 


Clear Carry Bit 
CLC 
9B 
1 
1 
O~C 
• • • • 
0 
Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 
1~1 
• 
1 • • • 
Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 
O~I 
• 
0 • • • 
Software 
Interrupt 
SWI 
B3 
1 
10 
• 
1 • • • 
Return from 
Subroutine 
RTS 
B1 
1 
5 
• • • • • 
Return from 
Interrupt 
RTI 
BO 
1 
B 
? 
? 
? 
? 
? 


Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF~SP 
• • • • • 
No-Operation 
NOP 
90 
1 
1 
Advance Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
BD 
1 
2 
Converts 
binary add of BCD charcters 
Into 
• • " " 


,," 
BCD 
format 


Stop 
STOP 
BE 
1 
4 
• 
0 • • • 
Wait 
WAIT 
BF 
1 
4 
• 
0 • • • 
Symbols: Op" 
Operation 


1# 
•• Number of bytes 


-.. 
:II: Number 
of cycles 


Addressing Modes 
Condition 
Code 


Bit 
BII 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set! 
Test 
&. 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
(B-Bitl 
(16-Bill 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
x 
x 
x 
x 
x 
x 
" • 
1\ 
1\ 
1\ 


ADD 
x 
x 
x 
x 
x 
x 
" • 
1\ 
1\ " 
AND 
x 
x 
x 
x 
x 
x 
• • 
1\ " • 
ASl 
x 
x 
x 
x 
• • " 


1\ 
1\ 


ASR 
x 
x 
x 
x 
• • " " 


1\ 


BCC 
x 
• • • • • 
BClR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEa 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 


(BHSI 
x 
• • • • • 
BIH 
x 
• • • • • 
Bil 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • " 


1\ • 


(BlOI 
x 
• • • • • 
BlS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPl 
x 
• • • • • 
BRA 
x 
• • • • • 


Condition 
Code 
Symbols: 


H 
Half Carry (From Bit 3) 
I 
Interrupt Mask 


N 
Negative (Sign Bit) 


Z 
Zero 


Carry Borrow 
Test and Set if True. Cleared OtherwIse 
Not Affected 
load 
CC Register From Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B-Bit) 
(16-Bitl 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 
/\ 


BRSH 
X 
• • • • 
"- 


BSH 
x 
• • • • • 
BSR 
x 
• • • • • 
CLC 
x 
• • • • 
0 


Cli 
X 
• 
0 • • • 
CLR 
x 
X 
X 
X 
• • 
0 
1 • 
CMP 
X 
X 
X 
X 
X 
X 
• • 
/\ 
/\ 
"- 


COM 
X 
X 
X 
X 
• • 
/\ 
"- 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
/\ 
"- 
A 


oAA 
X 
• • 
"- 
/\ 
/\ 


oEC 
X 
x 
X 
X 
• • 
/\ 
"- • 
EOR 
X 
X 
X 
X 
X 
X 
• • 
/\ 
/\ • 
INC 
X 
x 
X 
X 
• • 
"- 
/\ • 
JMP 
x 
X 
X 
X 
X 
• • • • • 
JSR 
X 
X 
X 
X 
X 
• • • • • 
LOA 
X 
X 
X 
X 
X 
X 
• • 
/\ 
/\ • 
LOX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
/\ • 
LSL 
X 
x 
X 
x 
• • 
/\ 
A 
"- 
LSR 
X 
x 
X 
X 
• • 
0 
"- 
"- 
NEG 
X 
X 
X 
X 
• • 
/\ 
A 
"- 
NOP 
X 
• • • • • 
ORA 
X 
X 
X 
X 
X 
X 
• • 
/\ 
/\ • 
ROL 
X 
X 
X 
X 
• • 
1\ 
/\ 
"- 
ROR 
X 
X 
X 
X 
• • 
/\ 
/\ 
"- 


RSP 
X 
• • • • • 
RTI 
X 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 
SBC 
X 
X 
X 
X 
X 
X 
• • 
/\ 
"- 
"- 
SEC 
x 
• • • • 
1 


SEI 
X 
• 
1 • • • 
STA 
X 
X 
X 
X 
X 
• • 
1\ 
"- • 
STOP 
X 
• 
0 • • • 
STX 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
SUB 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
"- 
SWI 
x 
• 
1 • • • 
TAX 
X 
• • • • • 
TST 
X 
x 
X 
x 
• • 
1\ 
"- • 
TXA 
X 
• • • • • 
WAIT 
X 
• 
0 • • • 


Condition 
Code Svmbols; 
H 
Half 
Carry 
(From 
Bit 3) 
I 
Interrupt 
Mask 


N 
Negative 
ISign 
Bit) 
Z 
Zero 


Carry 
Borrow 


Test 
and Set if True. 
Cleared 
Otherwise 
Not 
Affected 


Load 
CC Register 
From 
Stack 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435·8300 


Bit Manipulation 
Branch 
Read/Modify 
(Write 
Control 
Register IMemory 


Test & 
SetI 


Branch 
Clear 
Rei 
DIR 
A 
X 
,X1 
,XC 
IMP 
IMP 
IMM 
DIR 
EXT 
,X2 
,X1 
,XC 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F - 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
8RCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSET1 
BSET1 
BHI 
- 
- 
- 
S8C 
2 


3 
BRCLR1 
BCLR1 
BLS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
81T 
5 


6 
BRSET3 
BSET3 
8NE 
ROR 
- 
- 
LDA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
- 
TAX' 
- 
STA 
STAI+ II 
7 


8 
BRSET4 
8SET4 
BHCC 
LSL ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
8CLR4 
8HCS 
ROL 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPL 
DEC 
- 
Cll" 
ORA 
A 


B 
BRCLR5 
8CLR5 
BMI 
- 
- 
SEI" 
ADD 
B 


C 
BRSET6 
8SET6 
BMC 
INC 
- 
RSP' 
- 
JMP(-ll 
C 


D 
BRCLR6 
BCLR6 
BMS 
TSTI-II 
TST 
TST(-1) 
DAA" 
NOP 
BSW 
JSR(+2) 
JSR(+ 
1) 
JSRI+21 
D 


E 
BRSET7 
BSET7 
BIL 
- 
STOP' - 
LDX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT' TXA" 
- 
STX 
STXI+ll 
F 


3/5 
2/5 
2/3 
2/5 
1/2 
1/2 
2/6 
1/5 
1/" 
1/1 
2/2 
2/3 
3/4 
3/5 
2/4 
1/3 


(NOTES) 
1. 
"-" 
is an undefined operation 
code. 


2. 
The lowermost 
numbers in each column represent a byte count and the number of cycles required {byte count/number 
of cyclesl. 


The number of cycles for the mnemonics 
asterisked 
(.) 
is as follows: 
RTI 
8 
TAX 
2 
RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 
DAA 
2 
BSR 
5 


STOP 
4 
ell 
2 
WAIT 
4 
SEI 
2 


3. 
The parenthesized 
numbers 
must 
be added 
to the cycle 
count 
of the 
particular 
instruction. 


• 
Additional Instructions 
The following 
new instructions 
are used on the HD6305UO; 
DAA 
Converts 
the contents of the accumulator 
into BCD code. 


WAIT 
Causes the MCU 
to enter the wait mode. For this mode, 


see the topic, Wait Mode. 


STOP 
Causes the MCU 
to enter the stop mode. For this mode, 


see the topic, Stop Mode. 
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HD6305VO ,HD63A05VO ,--- 
HD63B05VO 
CMOS 
MCU(Microcomputer Unit) 
-PRELIMINARY- 


The 
HD6305VO 
is a CMOS 
8-bit 
single-chip 
MCU 
which 
is 


similar 
to 
the 
HD6305X 
MCU 
family. 
This 
version 
is upward 


compatible 
with 
the 
HD6805 
family 
in respect 
to instructions. 
A 


CPU, 
a clock 
generator, 
a 4k-byte 
ROM, 
a In-byte 
RAM, 
31 11 


o terminals, 
two 
timers, 
and 
a serial 
communication 
interface 


(SCI) 
are incorporated 
in the 
HD6305VO. 
As 
a result 
of CMOS 


technology, 
the 
HD6305VO 
consumes 
much 
less 
power 
than 


NMOS 
counterparts. 
In 
addition, 
three 
low 
power 
dissipation 


modes 
(stop, 
wait 
and 
standby) 
which 
further 
decreases 
power 


consumption, 
are included 
in the HD6305VO. 


Other 
notable 
features 
include 
enhanced 
instruction 
cycle 
of 
the 
main 
instructions 
and the use of three 
additional 
instructions 
to improve 
system 
throughput. 


• 
HARDWARE FEATURES 
• 
CMOS 
8-bit 
single-chip 
MCU 
• 
4096 
bytes 
of ROM 
• 
192 
bytes 
of RAM 


• 
31 
bidirectional 
I/O terminals 


• 
Two 
timers 
8-bit 
timer 
with 
a 
7-bit 
prescaler 
(programmable 
pre- 


scaler; 
event 
counter) 


15-bit 
timer 
(commonly 
used with 
the SCI clock 
divided 


• 
On-chip 
serial 
interface 
circuit 
(synchronized 
with 
clock) 
• 
Six 
interrupts 
(two 
external, 
two 
timer, 
one 
serial 
and 
one 


software) 


• 
Low 
power 
dissipation 
modes 
- 
Wait. 
. .. In this 
mode, 
the 
clock 
oscillator 
is on 
and 


the 
CPU 
halts 
but 
the 
timer/serial/interrupt 


function 
is operatable. 
Also, 
all registers 
are 


held, 
except 
the 
I bit 
in the 
condition 
code 


register 
is cleared. 


- 
Stop. 
. .. In this 
mode. 
the 
clock 
stops 
but 
the 
RAM 


data. 
I/O 
status 
and 
registers 
are 
held. 
Ex- 


cept 
the 
timer 
control 
register 
(bits 
6 and 
7) 


and the 
I bit of the condition 
code 
register. 
- 
Standby. 
In this 
mode. 
the 
clock 
stops, 
the 
RAM 
data 


is held. 
and the 
other 
internal 
condition 
is re- 


set. 


• 
Minimum 
instruction 
cycle time 


HD6305VO. 
. .. 
1 I'-s (f = 1 MHz) 


- 
HD63A05VO 
067 
I'-s (f = 15 
MHz) 
- 
HD63805VO. 
. 
05 
I'-s (f = 2 MHz) 


• 
Wide 
operating 
range 
Vec = 3 to 6V 
If = 0.1 
to 0.5 
MHz) 


HD6305VO 
f = 0.1 
to 
1 MHz 
(Vce = 5V ± 100/ol 


HD63A05VO 
. I = 0.1 
to 
1.5 MHz 
(Vee = 5V ± 10%1 


HD63805VO. 
1= 
0.1 
to 2 MHz 
(Vee = 5V ± 10%1 
• 
System 
development 
lully 
supported 
by an emulator 


• 
SOFTWARE FEATURES 
• 
Similar 
to HD6800 


• 
Byte efficient 
instruction 
set 
• 
Powerful 
bit manipulation 
instructions 
(Bit Set. 
Bit Clear, and 


8it 
Test 
and 8ranch 
usable 
lor 
all RAM 
bits 
and all I/O termi- 


nals) 


Vcc 
EXTAl 


XTAL 


7 
TIMER 
SfBY 
J5 O./iRT'i 
Ds/CK 
33 D./R. 
O)/T. 
0, 
0, 


Do 


Co 
e, 


6 e, 


2 
e, 


• e. 
e, 
e. 


1 e, 
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• 
A variety of interrupt operations 


• 
Index addressing mode useful for table processing 


• 
A variety of conditional branch instructions 


• 
Ten powerful addressing modes 


• 
All addressing modes adaptable to RAM, and I/O instructions 


• 
Three new instructions, Stop, Wait and DAA, added to the 
HD6B05 family instruction set 


• 
Instructions that are upward compatible with those of Moto- 
rola's MC6B05P2 and MC146B05G2 


• 
Compatible instruction set with HD6305X 


D.IINT, 
D,/CK 
D./Rx 
D,fTx 
D, 
D, 
D. 


Port 0 
I/O 
Terminals 


Port A 
I/O 
Terminals 


Port B 
I/O 
Terminals 
Serial 
Data 


Register 


Port C 
I/O 
Terminals 


Item 
Symbol 
Value 
Unit 


Supply voltage 
VCC 
-0.3-+7.0 
V 


Input voltage 
Vin 
-0.3 - 
VCC + 0.3 
V 


Operating temperature 
Topr 
0-+70 
°c 


Storage temperature 
Tstg 
-55-+150 
°c 


{NOTE] 
These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. 
Notwithstanding, 


be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation. we recommended Vin. Vout; Vss 
~ (Vin or Vout) ~ VCC' 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics 
(Vcc = 5.0V ± 10%. Vss = GND and T. = 0 - 
+70°C unless otherwise 
specified) 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


RES,STBY 
Vee- 
0.5 
- 
Vee+ 
0.3 
V 
Input 
voltage 
EXTAL 
VIH 
Vee 
x 0.7 
- 
Vee+ 
0.3 
V 
"High" 
Others 
2.0 
- 
Vee+ 
0.3 
V 


Input volt- 
All 
Inputs 
Vil 
-0.3 
- 
0.8 
V 
age "Low" 


Operating 
- 
5 
10 
mA 


Current . 
Wait 
- 
2 
5 
mA 


Ice 
f = lMHz" 
dissipation 
Stop 
- 
2 
10 
J.lA 


Standby 
- 
2 
10 
J.lA 


Input 
TIMER. 
leakage 
INT. 
Illll 
- 
- 
1 
J.lA 
current 
STllV 


Three- 
Ao -A7• 
Vin = 0.5- 


state 
Bo - 
B7• 
IITSti 
Vee 
- 0.5V 


current 
Co -C7• 
- 
- 
1 
J.lA 
Do - 
D. 


Input 
All 


Cin 
f = lMHz. 
12 
capacity 
terminals 
Vin = OV 
- 
- 
pF 


*VIHmin'"' 
Vcc-1.ov. V'L max 
'" 0.8 V 
··The 
value at f = xMHz can be calculated by the following equation: Ice (1 ""xMHz) 
'" Ice 
(1 • lMHz) 
multiplied by x 


Test 
HD6305VO 
HD63A05VO 
HD63B05VO 
Item 
Symbol 
condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
fel 
0.4 
- 
4 
0.4 
- 
6 
0.4 
- 
8 
MHz 
frequency 


Cycle time 
tcyc 
1.0 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
J.lS 


INT pulse 
tlwl 
te~e 
- 
- 
tete 
- 
- 
toye 
- 
- 
ns 
width 
+2 
0 
+00 
+200 


INT2 
pulse 
tlWl2 
tcyc 
- 
- 
t~e 
- 
- 
toye 
- 
- 
ns 
width 
+250 
+ 00 
+200 


RES pulse 
tRwl 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tcyC 
width 


TIMER 
pulse 
tTWl 
toye 
- 
- 
tcye. 
- 
- 
tove 
- 
- 
ns 
width 
+250 
+200 
+200 


Oscillation 
Cl 
= 22pF ± 
20".-6 
start time 
tose 
Rs = 60D. 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 
(crystal) 
max 


Reset delay 
tRHl 
External 
cap. 
80 
- 
- 
80 
- 
- 
80 
- 
- 
ms 
time 
2.2J.lF 
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Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


Output 
volt· 
IOH = -2OOIlA 
2.4 
- 
- 
V 


age "High" 
VOH 
Ports 
A, 
IOH = -lOIlA 
VCC - 0.7 
- 
- 
V 


Output 
volt- 
B,C,D 


age "Low" 
VOL 
tOl 
= 1.6mA 
- 
- 
0.55 
V 


Input 
volt· 
VIH 
2.0 
- 
Vcc 
+ 0.3 
V 
age "High" 


Input 
volt· 
Ports 
A, 
V1l 
- 0.3 
- 
0.8 
V 
age "Low" 
B,C,D 


Input 
leak· 
Illll 
Vin = 0.5- 
- 
- 
1 
IlA 
age current 
Vcc 
- 0.5V 


Symbol 
Test 
HD6305VO 
HD63A05VO 
HD63B05VO 
Unit 
Item 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
Cycle 
tScyc 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
IlS 


Data Output 
Delay 
Time 
tTxo 
Fig. 1 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set·up 
Time 
t5RX 
Fig.2 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Data 
Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 


TTl 
load 
(Port) 


Test 
point 


terminal 


[NOTES 
I 
1. 
The load capacitance 
includes 
stray 
capacitance 
caused 


by the probe, etc. 


2. 
All diodes are 152074 ®. 


• 
DESCRIPTION 
OF TERMINAL 
FUNCTIONS 


The 
input 
and output 
signals 
of the 
HD6305VO 
are described 


here. 


• 
Vcc. 
V•• 


Voltage 
is applied 
to the HD6305VO 
through 
these 
two termi- 


nals. Vcc 
is 5.0V ± 10%, while Vss is grounded. 


• 
INT,INT, 
External 
interrupt 
request 
inputs 
to the 
HD6305VO. 
For 
de- 


tails, 
refer 
to "INTERRUPTS". 
The 
INT., terminal 
is also 
used 
as the port 0, 
terminal. 
- 
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• 
XTAL. EXTAL 
These 
terminals 
provide 
input 
to the on-chip 
clock circuit. 
A 


crystal 
oscillator 
(AT 
cut, 
2.0 to 8.0 MHz) 
or ceramic 
filter 
is 


connected 
to 
the 
terminal. 
Refer 
to 
"INTERNAL 
OSCILLA- 


TOR" 
for using 
these 
input 
terminals. 


• 
TIMER 
This 
is 
an 
input 
terminal 
for 
event 
counter. 
Refer 
to 


"TIMER" 
for details. 


• 
RES 
Used 
to reset the MCU. 
Refer to "RESET" 
for details. 


• 
NUM 
This 
terminal 
is not intended 
for user 
applications. 
It must 
be 


grounded 
to Vss. 


• 
Input/Output 
Terminals 
(Ao - 
A,. 
Bo - 
B,. 
Co - 
C,. 
Do 


- 
06) 
These 
3I terminals 
consist 
of three 
8-bit I/O ports 
(A, Band 


C) and a 7-bit 110 port D. Each of these 
can be used as an input 


or output 
terminal 
on a bit basis through 
program 
control 
of the 


data 
direction 
register 
(DDR). 
For 
details, 
refer 
to 
"I/O 


PORTS." 


Since 
port 
D6 is also used 
for the INT, 
input, 
in order 
to use 


port 
D6 
as 
an 
I/O 
port, 
the 
INT, 
interrupt 
mask 
bit 
in 
the 
miscellaneous 
register 
should 
be set to "I" 
to disable 
the 
INT, 


input. 


• STBY 
This 
terminal 
is 
used 
to 
place 
the 
MCU 
into 
the 
standby 


mode. 
With 
STBY at "Low" 
level, 
the 
oscillation 
stops 
and 
the 


internal 
condition 
is 
reset. 
For 
details, 
refer 
to 
"STANDBY 


MODE." 
The terminals 
described 
in the following 
are lIO pins for serial 


communication 
interface 
(SCI). 
They 
are also used 
as ports 
D", 


D. and 
D". For 
details, 
refer 
to "SERIAL 
COMMUNICATION 
INTERFACE." 


• 
CK (05) 
Used 
to input 
or output 
clocks for serial operation. 


• 
MEMORY 
MAP 
The 
memory 
map of the HD6305VO 
MCU 
is shown 
in Fig. 4. 


During 
interrupt 
processing, 
the 
contents 
of the 
MCU 
registers 


are saved 
into 
the 
stack 
in the 
sequence 
shown 
in Fig. 5. This 


saving 
begins 
with the lower 
byte 
(PCL) 
of the program 
counter. 


Then 
the value 
of the stack pointer 
is decremented 
and the high- 


er byte 
(PCH) 
of the 
program 
counter, 
index 
register 
(X), 
ac- 


cumulator 
(A) 
and condition 
code 
register 
(CCR) 
are stacked 
in 


that 
order. 
In a subroutine 
call, only the contents 
of the program 


counter 
(PCH 
and PCL) 
are stacked. 


0 
$0000 
0 
PORT 
A 
$00 


I/O Ports 
1 
PORT 
B 
$01 


Timer 
2 
PORT 
C 
$02 
SCI 
3 
PORT 
D 
$03 
63 
$003F 
64 
RAM 
$0040 
4 
PORT 
A OOR 
$04 


(192Bytes! 
5 
PORT 
BOOR 
$05 


6 
PORT 
C OOR 
$06 


255 
Stack 
$gOFF 
7 
PORT 
DOOR 
$07 


256 
$ 
100 
8 
TImer 
Data 
Reg 
$08 


Not 
Used 
\ 
9 
Timer 
CTRL 
Reg 
$09 


4095 
$OFFF 
10 
ISC 
eg 
$OA 


4096 
$1000 


ROM 
Not 
Used 
(4,096Bytes) 


8180 
--------- 
SCI CTAl Reg 
$10 


Interrupt 
SCI 
STS 
Reg 
$11 


8191 
Vectors 
SCI 
Data 
Reg 
$12 
8192 


Not 
Used 


Not 
Used 


$3F 


16383 
$3FFF 


Figure 
4 
Memory 
Map of HD6305VO 
MCU 


1 
1 
1 I 
Condition 
Code 
Register 


Accumulator 


Index 
Register 


0 
01 
PCW 


PCL· 
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• 
Condition 
Code 
Register 
(CCR) 


The 
condition 
code register 
is a 5-bit register, 
each bit indicat- 
ing the result 
of the instruction 
just executed. 
The 
bits can be in- 
dividually 
tested 
by conditional 
branch 
instruclions. 
The 
CCR 


bits are as follows: 
Half Carry 
(H): 
Used 
to indicate 
that 
a carry 
occurred 
between 
bits 3 and 4 during 
an arithmetic 
operation 


(ADD, 
ADC) 
Selling 
this 
bit 
causes 
all 
interrupts, 
except 
a 


sortware 
interrupt, 
to be masked. 
If an interrupt 


occurs 
wilh 
the bit I set, 
it is latched. 
It will be 
processed 
the 
instant 
the 
interrupl 
mask 
bit 
is 
reset. 
(More 
specifically, 
it will enter 
the 
inter- 
rupt 
processing 
routine 
after 
the instruction 
fol- 
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o 


=====================1 
Accumulator 
o 
~----------llndex 
~ 
Register 
o 
-----------------1 Program 
_________________ 
Counter 


13 
6 5 
0 
~=======S=P======I~~f~t~r 


7 
I 
A 


7 
I 
X 


13 
I 
PC 


Condition 
Code 
Register 


Carry 
Borrow 
Zero 


Negative 


Interrupt 
Mask 
Half 
Carry 


• 
Accumulator 
(A) 


This 
accumulator 
is a general 
purpose 
8-bit 
register 
which 


holds 
operands 
or 
the 
result 
of 
arithmetic 
operation 
or 
data 
processing. 


• 
Index 
Register 
(X) 


The 
index 
register 
is an 8-bit 
register, 
and 
is used 
for index 


addressing 
mo·de. Each of the addresses 
contained 
in the register 


consists 
of 8 bits which, 
combined 
with an offset 
value, 
provides 


an effective 
address. 
In the case of a read/modify/write 
instruction, 
the index 
regis- 
ter can be used 
like an accumulator 
to hold operation 
data or the 
result 
of operation. 


If not 
used 
in the index 
addressing 
mode, 
the register 
can be 
used 
lo slore 
dala temporarily. 


• 
Program 
Counter 
(PCI 


The 
program 
counter 
is a 14-bil register 
that 
contains 
the ad- 


dress 
of the next 
instruction 
to be executed. 


• 
Stack 
Pointer 
(SP) 


The 
Slack pointer 
is a 14-bit register 
that indicates 
the address 


of the next Slacking 
space. Just 
after reset, 
the slack pointer 
is set 


at address 
$OOFF. It is decremented 
when 
data is pushed, 
and in- 


cremented 
when 
pulled. 
The 
upper 
8 bits of the stack pointer 
are 
fixed to 00000011. 
During 
the MCU 
being reset or during 
a reset 


stack 
pointer 
(RSP) 
instruction, 
the 
poinler 
is set 
lo 
address 
$OOFF. Since 
a subroutine 
or inlerrupt 
can 
use space 
up to ad- 
dress 
$OOCI for stacking, 
the 
subroutine 
can 
be used 
up lO 31 


levels and the interrupt 
up to 12 levels. 


lowing the CLl has been executed.) 
Used 
to indicate 
lhat 
the 
result 
of the 
most 
re- 
cenl 
arithmetic 
operation, 
logical 
operation 
or 


data processing 
is negative 
(bit 7 is logic "I "). 


Used 
lO indicate 
that 
the 
result 
of the 
most 
re- 
cent 
arithmetic 
operation, 
logical 
operation 
or 
data processing is zero. 
Represents 
a carry 
or 
borrow 
that 
occurred 
in 
lhe most 
recent 
arilhmetic 
operation. 
This 
bit is 
also affected 
by the Bit Test and 
Branch 
instruc- 
tion, a shift instruction 
and a Rotate 
instruction. 


• 
INTERRUPT 
There 
are 
six different 
types 
of interrupt: 
external 
interrupts 
(INT, IND, internal 
timer 
interrupts 
(TIMER, 
TIMER.,), 
serial 
interrupt 
(SCI) and inlerrupt 
by an instruction 
(SWI). 
- 


Of these 
six interrupts, 
the 
INT., and TIMER 
or the SCI and 


TIM ER, 
generate 
the 
same 
veclor 
address, 
respectively. 
Al- 


though, 
a different 
vector 
address 
is generated 
for a timer 
inler- 


rupl during 
the wait mode, 
as shown 
in Table 
I. 


When 
an interrupt 
occurs, 
the program 
in progress 
stops 
and 


then 
the CPU 
status 
is saved 
onto 
the stack. 
And then, 
the inter- 
rupt 
mask 
bit 
(I) 
of the 
condition 
code 
register 
is set 
and 
the 
start 
address 
of the interrupt 
processing 
routine 
is obtained 
from 
a particular 
interrupt 
vector 
address. 
Then 
the 
interrupt 
routine 
starls 
from 
the start 
address. 
System 
can exit from 
the 
interrupt 


routine 
by a RTI instruction. 
When 
this instruction 
is executed, 


the 
CPU 
status 
before 
the 
interrupt 
(saved 
onto 
the 
stack) 
is 


pulled 
and 
the 
CPU 
restarts 
the 
sequence 
with 
the 
instruction 


next 
to the one at which 
the interrupt 
occurred. 
Table 
1 lists the 


priority 
of interrupts 
and their 
vector 
addresses. 


Priority 
Interrupt 
Vector 
Address 


1 
RES 
$1 FFE, 
$lFFF 


2 
SWI 
$lFFC, 
$lFFD 


3 
INT 
$lFFA, 
$lFFB 


4 
TIMER/INT2 
$lFFB, 
$lFF9 


5 
TIMER 
(WAIT) 
$1 FF6, 
$lFF7 


6 
SCI/TIMER2 
$1 FF4, 
$lFF5 


A nowchart 
of the 
interrupt 
sequence 
is shown 
in Fig. 7. A 


block diagram 
of the interrupt 
request 
source 
is shown 
in Fig. 8. 


In the block diagram 
of Fig. 8, the external 
interrupt 
INT 
is a 
falling edge trigger 
input, 
whereas, 
the external 
interrupt ii-it can 
be configured 
as a falling 
edge 
trigger 
input 
or a combination 
of 
falling edge 
and 
low level 
trigger 
inpul, 
depending 
on the status 
of bil 5 in the 
miscellaneous 
regisler 
(MR). 
When 
an interrupt 


request 
is detected 
at the 
INT, 
or 
INT 
inputs, 
an 
inlerrupt 
re- 


quest 
is generated 
and 
latched. 
The 
INT 
interrupt 
request 
is au- 


tomatically 
cleared 
if jumping 
is made 
to 
the 
INT 
processing 


routine. Meanwhile, the INT~ request is cleared if uO" is written 
in bit 7 of the miscellaneous 
regisler. 


For 
the external 
inlerrupts 
(INT, 
INT.,), 
internal 
timer 
inter- 
rupts 
(TIMER, 
TIMER,) 
and 
serial 
inte'-rupt 
(SCI), 
each 
inter- 


rupl 
request 
is held, 
but 
not 
processed, 
if the 
I bit of the condi- 
tion code register 
is set. Immedialely 
after the I bit is cleared, 
the 
corresponding 
interrupt 
processing 
starts 
according 
to the priority. 


The 
INT, 
interrupt 
can 
be 
masked 
by setting 
bit 
6 of 
the 


miscellaneous 
register; 
the 
TIMER 
interrupt 
by selling 
bit 6 of 


the limer 
control 
register; 
the SCI interrupt 
by selling 
bit 5 of the 


serial status 
regisler; 
and the TIMER, 
interrupt 
by selling 
bit 4 of 


the serial status 
register. 


The 
stalus 
of the INT terminal 
can be tested 
by a BIL or BIH 
instruction. 
The 
INT falling edge and falling edge/low 
level detec- 


1 -+1 
Bit 


$FF -+SP 
O-+DDRI 


Clear 
INT 
Logic 


$FO-+TDR 


$7F 
-+ Timer 
Prescaler 


$50-+TCR 


$3F -+SSR 


SOO-+SCR 


$5F -+MR 


Load 
PC From 


SWI, 
$1FFC,$lFFD 


INT, 
$1 FFA, 
$1 FFB 


TIMER' 
$1 FFB, $1 FF9 


INT" 
$1 FFB, 
$1 FF9 


TIMER 
(WAIT), 
$1 FF6, 


$1 FF7 


SCI, 
$lFF4, 
$lFF5 


TIMER,: 
$1 FF4, 
$1 FF5 


tor circuit 
and 
its latching 
circuit 
are 
independent 
oj leslin~ 


these 
instructions. 
This 
is also 
true 
with 
the 
status 
of the 
INT, 
terminal. 


• 
Miscellaneous 
Register (MR; $OOOA) 


The 
external 
interrupt 
INT, 
and 
the 
TIMER 
interrupt 
have 


identical 
interrupt 
vector 
addresses, 
as shown 
in Table 
I. For this 
reason, 
bits 6 and 
7 of a special 
register 
called 
the miscellaneous 
register 
(MR: 
$OOOA) are available 
to control 
the INT, 
interrupt. 


Moreover, 
bit 5 of the 
MR 
controls 
the 
sensing 
mode 
for the 
INT 
interrupt 
detector 
(falling 
edge 
detector 
or falling 
edge/low 


level detector). 
Bit 7 of the 
MR 
is the 
INT 
interrupt 
request 
flag. When 
a 


falling 
edge 
is detected 
at the m+, terminal, 
bit 7 is set to "I" 


Then 
the 
interrupt 
routine 
software 
(vector 
addresses: 
$IFF8, 


$IFF9) 
checks 
bit 7 to see 
if an 
INT, 
interrupt 
occurred. 
Bit 7 


can be reset 
by software. 
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Bit 6 is the INT, interrupt mask bit. If this bit is set to "I", 
then the INT, interrupt is disabled. Both read and write are pos- 
sible with bit 7, but "I" 
cannot be written in this bit by software. 


In other words, an INT, interrupt request by software is not pos- 
sible. 
Bit 5 is the control bit for INT interrupt detection. If this bit is 


reset to "0", 
the detection logic will detect a falling edge. When 


this bit is set to "I", 
the detection logic will detect a falling edge 


or a low level. 


When reset, bit 7 is cleared to "0", bit 6 is set to "I" 
and bit 


5 is cleared to "0". 


• 
TIMER 
Figure 9 shows an MCU timer block diagram. The timer data 


register is loaded by software and, upon receipt of a clock input, 
begins to count down. When the timer data register (TDR) be- 
comes "0", 
the timer interrupt request bit (bit 7) in the timer 


control register is set. In response to the interrupt request, the 
MCU saves its status into the stack and fetches the timer inter- 
rupt routine addresses SIFF8 and SIFF9 (or SIFF6 and SIFF7 
when the timer interrupt occures during the wait mode) and ex- 


Falling 
Edge 
Detector 


TNT 
Interrupt 
Latch 


ecutes the interrupt routine. The timer interrupt can be masked 
by setting the timer interrupt mask bit (bit 6) in the timer con- 
trol register. The mask bit (I) in the condition code register can 
also mask the timer interrupt. 


The source clock to the timer can be either an external signal 
from the timer input terminal or the internal E signal (the oscil- 
lator clock divided by 4). If the E signal is used as the source, 
the clock input can be gated by the input to the timer input ter- 
minal. 


Once the timer count has reached 0, 'it starts counting down 


with "FF". 
The count can be monitored whenever desired by 


reading the timer data register. This permits the program to know 
the length of time having passed after the occurrence of a timer 
interrupt, without disturbing the contents of the counter. 


When the MCU is reset or placed in the stop mode, the timer 
data register (TDR) is initialized to SFO.The timer interrupt re- 
quest bit (bit 7) then is cleared and the timer interrupt mask bit 
(bit 6) is set. 


To clear the timer interrupt request bit (bit 7), it is necessary 


to write "0" in that bit. 


($1 FF6. 
$1 FF7for 


TIMER 
interrupt 
during 


the WAIT 
mode) 
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TCR6 


o 


• 
Timer 
Control 
Register 
ITCR; $00091 


Selection 
of a clock source, 
selection 
of a prescaler 
frequency 


division 
ratio, 
and 
a timer 
interrupt 
can 
be 
controlled 
by the 
timer 
control 
register 
(TCR; 
$0009). 


For the selection 
of a clock source, 
anyone 
of the four modes 


(see Table 
2) can be selected 
by bits 5 and 4 of the timer 
control 


register 
(TCR). 


After 
reset, 
the TCR 
is initialized 
to "E 
under 
timer 
terminal 


control" 
(bit 5 = 0, bit 4 = I). If the timer 
terminal 
is "1", 
the 
counter 
starts 
counting 
down 
with "$FO" 
immediately 
after reset. 


When 
"1" 
is written 
in bit 3, the 
prescaler 
is initialized 
to 


"$7F". 
This bit always shows 
"0" 
when 
read. 


TCR 


Bit 5 
Bit 4 
Clock 
input,source 


0 
0 
Internal 
clock 
E 


0 
1 
E under 
TIMER 
terminal 
control 


1 
0 
No clock 
input 
(counting 
stopped) 


1 
1 
Event 
input 
from 
TIMER 
terminal 


A prescaler 
division 
ratio 
is selected 
by the 
combination 
of 


three 
bits 
(bits 
0, 
1 and 
2) 
of the 
timer 
control 
register 
(see 


n'>le 
3). There 
are eight different 
division 
ratios: 
+ I, +2, 
+4, 


+ 
,+16, 
+32, 
+64 
and 
+128. 
After 
reset,the 
TCR 
is set to 


the + 1 mode. 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler 
division 
ratio 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+B 


1 
0 
0 
+16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+128 


(Internal 
Clockl 


E 


rupt 
occurs, 
"I" is set in the 
timer 
interrupt 
request 
bit. 
This 
bit 


can be cleared 
by writing 
"0" 
in that bit. 
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• 
SERIAL 
COMMUNICATION 
INTERFACE 
(SCIl 


This interface is used for serial transmission or reception of 8- 


bit data. Sixteen transfer rates are available in the range from I 
p's to approx. 32 ms (for oscillation at 4 MHz). 
The SCI consists of three registers, one eighth counter and 


one prescaler. (See Fig. 10.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 3, 4 
and 5 of port D. Described below are the operations of each reg- 


_ 
r--~--, 


D,(CK) 
: 


I 
II 
I 
III 
I 
D.(Rx) 
: 
~ 
D3(Tx) 
: 
'-----J 
IL 
_ 


Transfer 
Clock 
Generator 


SCR7 


o 


SCR6 


o 


SCR5 
SCR4 
Clock ,ource 
D, terminal 


0 
0 
- 
U,ed a, I/O terminal (by 


0 
1 
- 
DDR) 


1 
0 
Internal 
Clock output (DDR output) 


1 
1 
External 
Clock input (DDR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the D, be- 


comes "I" 
and this terminal serves for output of SCI data. After 


reset, the bit is cleared to "0". 


Bit6 (SCR6) 
When this bit is set, the DDR corresponding to the D. be- 


comes "0" and this terminal serves for input of SCI data. After 
reset, the bit is cleared to "0". 


Bits 5 and 4 (SCR5, SCR4) 
These bits are used to select a clock source. After reset, the 


bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - 
SCRO) 


These bits are used to select a transfer clock rate. After reset, 


the bits are cleared to "0". 
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Transfer 
clock 
rate 


SCR3 
SCR2 
SCRl 
SCRO 
4.00 
MHz 
4.194 
MHz 


0 
0 
0 
0 
1 J.l.S 
0.95 J.l.S 


0 
0 
0 
1 
2 J.l.S 
1.91 J.l.S 


0 
0 
1 
0 
4 J.l.S 
3.82 J.l.S 


0 
0 
1 
1 
8 J.l.S 
7.64J.1.s 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768 
J.l.S 
1/32 
s 


• 
SCI Data 
Register 
(SDR; 
$0012) 


A serial-parallel 
conversion 
register 
that is used 
for transfer 
of 


data. 


Bit 7 (SSR7) 
Bit 7 is the 
SCI interrupt 
request 
bit which 
is set upon 
com- 


pletion 
of transmitting 
or receiving 
8-bit data. 
It is cleared 
when 


reset 
or data 
is written 
to or read from 
the SCI data register 
with 


the SCR5 = "I ". The 
bit can also be cleared 
by writing 
"0" 
in 


it. 


Bit 6 (SSR6) 
Bit 6 is the 
TIMER, 
interrupt 
request 
bit. 
TIMER, 
is used 


commonly 
with 
the 
serial 
clock 
generator, 
and 
SSR6 
is set each 


time 
the 
internal 
transfer 
clock 
falls. 
When 
reset, 
the 
bit 
is 


cleared. 
It also be cleared 
by writing 
"0" 
in it. (For details, 
see 
TIMER",) 


Bit 5 (SSR5) 
Bit 5 is the SCI interrupt 
mask 
bit which can be set or cleared 


by software. 
When 
it is "I", 
the SCI interrupt 
(SSR 7) is masked. 


When 
reset, 
it is set to "I ". 


SSR7 
o 


SCI interrupt 
request 


Absent 


SSR6 
o 


1 


TIMER2 
interrupt 
request 


Absent 


Present 


SSR5 
o 


SC I interrupt 
mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER2 
interrupt 
mask 


Enabled 


Disabled 


Bit 4 (SSR4) 
Bit 4 is the 
TIMER, 
interrupt 
mask 
bit which 
can 
be set or 


cleared 
by software. 
When 
the 
bit is "I ", 
the TIMER, 
interrupt 


(SSR6) 
is masked. 
When 
reset, 
it is set to "1 ". 


Bit 3 (SSR3) 
When 
"I" 
is written 
in this bit, the 
prescaler 
of the 
transfer 


clock generator 
is initialized. 
When 
read, 
the bit always is "0". 


• 
Data Transmission 
By writing 
the desired 
control 
bits into 
the 
SCI control 
regis- 


ters, 
a transfer 
rate and a source 
of transfer 
clock are determined 


and bits 3 and 5 of port D are set at the serial data output 
termi- 


nal and 
the serial clock 
terminal, 
respectively. 
The 
transmit 
data 


should 
be stored 
from 
the accumulator 
or index 
register 
into 
the 


SCI data register. 
The 
data written 
in the SCI data register 
is out- 


put 
from 
the 
D,/Tx 
terminal, 
starting 
with 
the 
LSB, 
syn- 


chronously 
with the falling edge of the serial clock. 
(See Fig. II.) 


When 
8 bits of data 
have 
been 
transmitted, 
the interrupt 
request 


bit is set in bit 7 of the SCI status 
register. 
This 
request 
can be 


masked 
by setting 
bit 5 of the SCI status 
register. 
Once 
the data 


has been 
sent, 
the 
8th bit data 
(MSB) 
stays at the D3/Tx 
termi- 


nal. 
If an 
external 
clock 
source 
has 
been 
selected, 
the 
transfer 


rate 
determined 
by bits 0 - 
3 of the 
SCI control 
register 
is ig- 


nored, 
and 
the 
D/CK 
terminal 
is set 
as input. 
If the 
internal 


clock has been 
selected, 
the D/CK 
terminal 
is set as output 
and 


clocks are output 
at the transfer 
rate selected 
by bits 0 - 
3 of the 


SCI control 
register. 


• 
Data 
Reception 
By writing 
the desired 
control 
bits into 
the 
SCI control 
regis- 


ter, a transfer 
rate and a source 
of transfer 
clock are determined 


and 
bits 4 and 5 of Port 
D are set at the serial data 
input 
termi- 


nal and the serial clock terminal, 
respectively. 
Then 
dummy-writ- 


ing or -reading 
the SCI data 
register, 
the system 
is ready 
for re- 


ceiving 
data. 
(This 
procedure 
is not 
needed 
for the 
second 
and 


subsequent 
data receptions. 
It must 
be taken 
only after 
resetting,) 


The 
data 
from 
the 
D.tRx 
terminal 
is input 
to the 
SCI 
data 


register 
synchronously 
with 
the 
leading 
edge 
of the 
serial 
clock 


(see Fig. I I). When 
8 bits of data 
have 
been 
received, 
the inter- 


rupt 
request 
bit is set in bit 7 of the SCI status 
register. 
This 
re- 


quest 
can be masked 
by setting 
bit 5 of the SCI status 
register. 
If 


an external 
clock source 
have 
been selected, 
the transfer 
rate de- 


termined 
by bits 0 - 
3 of the SCI control 
register 
is ignored 
and 


the 
data 
is received 
synchronously 
with 
the 
clock 
from 
the 
D.I 


CK terminal. 
If the internal 
clock 
has been 
selected, 
the DIcK 


terminal 
is set as output 
and clocks are output 
at the transfe~ 
rate 


selected 
by bits 0 - 
3 of the SCI control 
register. 


• 
TIMER, 
The 
SCI transfer 
clock generator 
can be used 
as a timer. 
The 


clock selected 
by bits 3 - 
0 of the SCI control 
register 
(4 !J.S - 


approx. 
32 ms (for oscillation 
at 4 MHz)) 
is input 
to bit 6 of the 


SCI status 
register 
and the TIMER, 
interrupt 
request 
bit is set at 


each falling edge of the clock. Since interrupt 
requests 
occur 
peri- 


odically, 
TIMER, 
can be used as a reload 
counter 
or clock. 
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CD 
: Transfer 
clock 
generator 
is reset and 
mask 
bit 
(bit 
4 


of 
sel 
status register) is cleared. 
®.® :TIMER1 
interrupt 
request 


®.@ :TIMEA:z 
interrupt 
request bit cleared 


TIMER, 
is commonly 
used 
with the SCI transfer 
clock gener- 


ator. 
If wanting 
to use TIMER, 
independently 
of the SCI. specify 


"External" 
(SCR5 = I, SCR4 = I) as the SCI clock source. 


If "Internal" 
is selected 
as the clock source, 
reading 
or writing 


the 
SOR 
causes 
the 
prescaler 
of the 
transfer 
clock 
generator 
to 


be initialized . 


• 
I/O PORTS 
There 
are 31 input/output 
terminals 
(ports 
A, B, C, 0). Each 


I/O 
terminal 
can 
be selected 
for either 
input 
or output 
by the 


data direction 
register. 
More 
specifically, 
an I/O port will be input 


if "0" 
is written 
in the data direction 
register, 
and output 
if "I" 


is written 
in the data 
direction 
register. 
Port 
A, B, C or 0 reads 


latche<! data 
if it has been 
programmed 
as output, 
even 
with the 


output 
level being fluctuated 
by the output 
load. 
(See Fig. 12.) 


When 
reset, 
the 
data 
direction 
register 
goes 
"0" 
and 
all the 


input/output 
terminals 
are used as input. 


Bit of data 
Bit of 
Status 
of 
Input 
to 
direction 
output 


register 
data 
output 
CPU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3-state 
Pin 


All 
input/output 
terminals 
are 
TTL 
compatible 
and 
CMOS 


compatible 
in respect 
of both 
input 
and output. 


If I/O 
ports 
are not 
used, 
they 
should 
be connected 
to VSS 
via resistors. 
With 
none 
connected 
to 
these 
terminals. 
there 
is 


the 
possibility 
of 
power 
being 
consumed 
despite 
that 
they 
are 


not 
used. 


• 
RESET 
The 
MCV 
can be reset either 
by external 
reset 
input 
(RES) 
or 
power-on 
reset. 
(See Fig. 13.) On power 
up, the reset 
input 
must 


be held "Low" 
for at least tose 
to assure 
that the internal 
oscilla- 


tor 
is stabilized. 
A sufficient 
time 
of delay 
can 
be obtained 
by 


connecting 
a capacitance 
to the RES input as shown 
in Fig. 14. 


HD6305VO 
MCU 


• 
INTERNAL 
OSCILLATOR 
The 
internal 
oscillator 
circuit 
is designed 
to meet 
the require- 


ment 
for minimum 
external 
configurations. 
It can 
be driven 
by 


connecting 
a crystal 
(AT cut 2.0 - 
8.0 MHz) 
or ceramic 
oscilla- 


tor between 
pins 38 and 39 depending 
on the required 
oscillation 


frequency 
stability. 


Three 
difTerent 
terminal 
connections 
are 
shown 
in 
Fig. 
IS. 


Figs. 
16 and 
17 illustrate 
the 
specifications 
and 
typical 
arrange- 


ment 
of the crystal, 
respectively. 
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39 
EXTAL 


i·0-a:.OMHZ=38 
XTAL 


10-22pF±20% 


HD6305VO 


MCU 


Cll 
39 
EXTAL 
I 98 
XTAL 


~l2 


HD6305VO 
MCU 


External 
Clock 
Input39 
EXTAL 


NC38 
XTAL 
HD6305VO 


MCU 


C, 
C~ 


s 


XTAL 
EXTAL 
38 
Co 
39 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=2.0-a.OMHz 
Rs=600 
max. 


{NOTE! 
Use as short wirings as possible for connection of the crystal 
with 
the 
EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings 
to cross others. 


• 
LOW POWER 
DISSIPATION 
MODE 
The 
HD6305VO 
has three 
low power 
dissipation 
modes: 
wait, 


stop and standby. 


• 
Wait 
Mode 
When 
WAIT 
instruction 
being executed, 
the MCU 
enters 
into 


the 
wait mode. 
In this 
mode, 
the 
oscillator 
stays 
active 
but 
the 


internal 
clock stops. 
The 
CPU 
stops 
but 
the 
peripheral 
functions 


- 
the 
timer 
and 
the 
serial 
communication 
interface 
- 
stay 


active. 
(NOTE: 
Once 
the system 
has entered 
the wait mode, 
the 


serial 
communication 
interface 
can 
no longer 
be retriggered.) 
In 


the 
wait 
mode, 
the 
registers 
(except 
the 
I bit of the 
condition 
code 
register 
which 
is cleared), 
RAM 
and 
I/O 
terminals 
hold 


their 
condition 
just before 
entering 
into the wait mode. 
__ 


The 
e~e 
from 
this 
mode 
c~e 
done 
by interrupt 
(INT, 


TIMER/lNT, 
or SCI/TIMER,), 
RES 
or STBY. 
The 
RES 
resets 


the 
MCU 
and 
the STBY 
brings 
it into 
the standby 
mode. 
(This 


will be mentioned 
later.) 


When 
interrupt 
is requested 
to 
the 
CPU 
and 
accepted, 
the 


wait 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the 
operation 


mode 
and 
vectors 
to the 
interrupt 
routine. 
If an interrupt 
other 


than 
the 
INT 
(i.e., TIMER/lNT, 
or SCI/TIMER,) 
is masked 
by 


the 
timer 
control 
register, 
miscellaneous 
register 
or serial 
status 


register, 
there 
is no interrupt 
request 
to the 
CPU, 
so the 
wait 


mode 
cannot 
be released. 


Fig. 18 shows 
a flowchart 
for the wait function . 


• 
Stop 
Mode 
When 
STOP 
instruction 
being executed, 
MCU 
enters 
into the 


stop 
mode. 
In this mode, 
the 
oscillator 
stops 
and 
the 
CPU 
and 


peripheral 
functions 
become 
inactive, 
but 
the 
RAM, 
registers 


(except 
bits 6 and 
7 of the timer 
control 
register 
and 
the I bit of 


the 
condition 
code 
register) 
and 
I/O 
terminals 
hold 
their 
condi- 


tion just 
before 
entering 
the stop 
mode. 
Bits 6 and 7 of the timer 


control 
register 
are initialized 
to "I" 
and "0", 
bits 7,6,5 
and 4 


of SCI status 
register 
are initialized 
"0", 
"0", 
"I", 
"I", 
respec- 


tively, 
and the I bit of the condition 
code register 
is cleared. 


The 
escape 
from 
this mode 
can be done 
by an external 
inter- 


rupt 
(INT 
or 
INT,), 
RES 
or STBY. 
The 
RES 
resets 
the 
MCU 


and the STBY brings 
into the standby 
mode. 


When 
interrupt 
is requested 
to 
the 
CPU 
and 
accepted, 
the 


stop 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the 
operation 


mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
INT, 
interrupt 


is masked 
by the miscellaneous 
register, 
there 
is no interrupt 
re- 


quest 
to the MCU, 
so the stop mode 
cannot 
be released. 


Fig. 
19 shows 
a flowchart 
for the stop 
function. 
Fig. 20 shows 


a timing 
chart 
of return 
to the 
operation 
mode 
from 
the 
stop 


mode. 


For 
releasing 
from 
the stop 
mode 
by an interrupt, 
oscillation 


starts 
upon 
input 
of the 
interrupt 
and, 
after 
the 
internal 
delay 


time 
for stabilized 
oscillation, 
the 
CPU 
becomes 
active. 
For 
re- 


starting 
by RES, 
oscillation 
starts 
when 
the 
RES 
goes 
"0" 
and 


the CPU 
restarts 
when 
the 
RES goes 
"1". 
The 
duration 
of RES 


= 
"0" 
must 
exceed 
tose to assure 
stabilized 
oscillation. 


• 
Standby 
Mode 
The 
MCU 
enters 
into 
the standby 
mode 
when 
the STBY 
ter- 


minal 
goes 
"Low". 
In this mode, 
all operations 
stop and 
the in- 
ternal 
condition 
is reset 
but 
the contents 
of the 
RAM 
are 
hold. 


The 
I/O 
terminals 
turn 
to 
high-impedance 
state. 
The 
slandb) 


mode 
should 
escape 
by bringing 
STBY 
"High". 
The 
CPU 
must 


be restarted 
by reset. 
The 
timing 
of input 
signals 
at the RES and 


STBY terminals 
is shown 
in Fig. 21. 


Table 
4 lists the status 
of each 
parts 
of the MCU 
in each 
low 


power 
dissipation 
modes. 
Transitions 
between 
each 
mode 
are 


shown 
in Fig. 22. 
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Oscillator 
Active 


Timer and Serial 
Clock Active 
All Other Clocks 
Stop 
Clear I bit 


Initialize 
CPU. TIMER. SCI. 
I/O and All 
Other Functions 


Restart 
Processor Clocks 


Load PC from 
Interrupt 
Vector 
Addresses 
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Stop Oscillator 
and All Clocks 
Clear I bit 


TCR7 - 
0 
TCR6 - 
1 
SSR7 - 
0 
SSR6 - 
0 
SSR5 - 
1 
SSR4 - 
1 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Fetch 
Instruction 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 


Addresses 
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oscillator~ 


oscillator~ 


E~ 
I 
STOP instruction 
executed 


Time required 
for oscillation 
to become 


stabilized 
(tose) 


i'i 
'J 


I 
, 
I 
I 


I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
1 
•..._.._-'--- 


Condition 


Mode 
Start 
Oscil- 
Timer, 
Register" 
I/O 
Escape 


lator 
CPU 
Serial 
RAM 
terminal 


WAIT 
in- 
STBY, 
RES, INT, 
INT2, 
WAIT 
struction 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft- 
TIMER, 
TlMER2, 
SCI 
ware 
STOP in- 
STOP 
struction 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY, 
RES, INT, 
INT2 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im- 
STBY="H 
igh" 
by 
ware 
pedance 
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Figure 
22 
Transitions 
among 
Active 
Mode, 
Wait Mode, 


Stop 
Mode, 
Standby 
Mode 
and Reset 


• 
BIT MANIPULATION 
The 
HD6305VO 
MCV 
can use a single 
instruction 
(BSET 
or 


BCLR) 
to set or clear one bit of the 
RAM 
or an I/O port. 
Every 


bit of memory 
or I/O within 
page 0 ($00 
- 
$FFJ 
can be tested 


by the BRSET 
or BRCLR 
instruction; 
depending 
on the result 
of 


the 
test, 
the 
program 
can branch 
to required 
destinations. 
Since 
bits in the RAM, 
or I/O can be manipulated, 
the user 
may use a 
bit within 
the RAM 
as a nag or handle 
a single 
I/O bit as an in- 
dependent 
I/O 
terminal. 
Fig. 
23 
shows 
an 
example 
of 
bit 


manipulation 
and the validity of test instructions. 
In the example, 


the 
program 
is configured 
assuming 
that 
bit 0 of port 
A is con- 
nected 
to a zero cross 
detector 
circuit 
and 
bit 1 of the same 
port 


to the trigger 
of a triac. 


The 
program 
shown 
can 
activate 
the 
triac 
within 
a time 
of 
lOlLS from 
zero-crossing 
through 
the use of only 
7 bytes 
on the 


ROM. 
The 
on-chip 
timer 
provides 
a required 
time 
of delay 
and 


pulse width 
modulation 
of power 
is also possible. 


SE l F 
1. 
BRClR 
O. PORT 
A. SELF 
1 


BSET 
1. PORT 
A 
BClR 
1. PORT 
A 


• 
ADDRESSING 
MODES 


Ten 
different 
addressing 
modes 
are 
available 
to 
the 
HD6305VO 
MCV. 


• 
Immediate 
See Fig. 24. The 
immediate 
addressing 
mode 
provides 
access 
to a constant 
which 
does 
not 
vary during 
execution 
of the 
pro- 
gram. 


This 
access 
requires 
an instruction 
length 
of 2 bytes. 
The 
ef- 
fective 
address 
(EA) 
is PC and 
the operand 
is fetched 
from 
the 


byte that follows the operation 
code. 


See Fig. 25. In the direct 
addressing 
mode, 
the address 
of the 


operand 
is contained 
in the 2nd byte of the instruction. 
The 
user 


can gain direct 
aacess 
to memory 
up to the lower 
255th 
address. 


All RAM 
and I/O registers 
are on page 0 of address 
space so that 


the direct 
addressing 
mode 
may be utilized. 


• 
Extended 
See Fig. 26. the extended 
addressing 
is used 
for referencing 
to 


all addresses 
of memory. 
The 
EA is the contents 
of the 
2 bytes 


that 
follow .the 
operation 
code. 
An extended 
addressing 
instruc- 


tion requires 
a length 
of 3 bytes. 


• 
Relative 
See Fig. 27. The 
relative 
addressing 
mode 
is used with branch 


instructions 
only. 
When 
a branch 
occurs, 
the program 
counter 
is 


loaded 
with the contents 
of the byte following 
the operation 
code. 


EA = (PC) + 2 + ReI., where 
ReI. indicates 
a signed 
8-bit data 


following 
the 
operation 
code. 
If no 
branch 
occurs, 
ReI. = O. 


When 
a branch 
occurs, 
the 
program 
jumps 
to any 
byte 
in the 


range + 129 to -127. 
A branch 
instruction 
requires 
a length 
of 2 


bytes. 


• 
Indexed 
(No Offset) 
See Fig. 28. The 
indexed 
addressing 
mode 
allows access 
up to 


the lower 
255th 
address 
of memory. 
In this mode, 
an instruction 


requires 
a length 
of one 
byte. The 
EA is the contents 
of the in- 


dex register. 


• 
Indexed 
(S-bit 
Offset) 


See Fig. 29. The 
EA is the contents 
of the byte following 
the 


operation 
code, 
plus 
the 
contents 
of 
the 
index 
register. 
This 


mode 
allows 
aacess 
up to the 
lower 
51lth 
address 
of memory. 


Each 
instruction 
when 
used 
in the 
index 
addressing 
mode 
(8-bit 


offset) 
requires 
a length 
of 2 bytes. 


• 
Indexed 
(16-bit 
Offset) 
See Fig. 30. The 
contents 
of the 2 bytes 
following 
the opera- 


tion 
code 
are added 
to content 
of the index 
register 
to compute 


the value 
of EA. In this mode, 
the complete 
memory 
can be ac- 


cessed. 
When 
used 
in the 
indexed 
addressing 
mode 
06-bit 
off- 


set), 
an instruction 
must 
be 3 bytes long. 


• 
Bit Set/Clear 
See Fig. 31. This addressing 
mode 
is applied 
to the BSET and 


BCLR 
instructions 
that 
can 
set or clear 
any bit on page o. The 


lower 
3 bits 
of the 
operation 
code 
specify 
the 
bit to be set 
or 


cleared. 
The 
byte that follows the operation 
code indicates 
an ad- 


dress 
within 
page o. 


• 
Bit Test 
and 
Branch 


See 
Fig. 
32. This 
addressing 
mode 
is applied 
to the 
BRSET 


and 
BRCLR 
instructions 
that can test any bit within 
page 0 and 


can be branched 
in the relative 
addressing 
mode. 
The 
byte to be 


tested 
is addressed 
depending 
on the contents 
of the byte follow- 


ing 
the 
operation 
code. 
Individual 
bits 
within 
the 
byte 
to 
be 


tested 
are specified 
by the lower 3 bits of the operation 
code. The 


3rd 
byte 
represents 
a relative 
value 
which 
will be added 
to the 


program 
counter 
when 
a branch 
condition 
is established. 
Each of 


these 
instructions 
should 
be 3 bytes 
long. The result 
of the test is 


written 
in the carry bit of the condition 
code register. 
(Set if true, 


cleared 
otherwise.! 


• 
Implied 
See 
Fig. 
33. 
This 
mode 
involves 
no 
EA. 
All 
information 


needed for execution of an instruction is contained in the opera- 
tion code. 
Direct 
manipulation 
on the accumulator 
and index 
reg- 


ister 
is included 
in the 
implied 
addressing 
mode. 
Other 
instruc- 


tions 
such 
as SWI and 
RTl are also 
used 
in this mode. 
All in- 


structions 
used 
in the 
implied 
addressing 
mode 
should 
have 
a 


length 
of one byte. 
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DB 
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• 
INSTRUCTION 
SET 


There 
are 
62 
basic 
instructions 
available 
to 
the 
HD630SVO 


MCV. 
They 
can be classified 
into five categories: 
register/memo- 
ry, read/modify/write, 
branch, 
bit manipulation, 
and control. 
The 


details 
of each instruction 
are described 
in Tables 
5 through 
11. 


• 
Register/Memory 
Instructions 


Most 
of these 
instructions 
use two operands. 
One 
operand 
is 


either 
an 
accumulator 
or 
index 
register. 
The 
other 
is derived 


from 
memory 
using 
one 
of the 
addressing 
modes 
used 
on the 


HD630SVO 
MCV. 
There 
is no 
register 
operand 
in the 
uncondi- 
tional 
jump 
instruction 
(JMP) 
and 
the 
subroutine 
jump 
instruc- 


tion 
(JSR). 
See Table 
S. 


• 
Read/Modify/Write 
Instructions 


These 
instructions 
read a memory 
or register, 
then 
modify 
or 


test 
its contents, 
and 
write 
the 
modified 
value 
into 
the 
memory 


or register. 
Zero 
test 
instruction 
(TST) 
does 
not 
write 
data, 
and 


is handled 
as an exception 
in the 
read/modify/write 
group. 
See 


Table 
6. 


E5 


Index 
eg 


E5 
Stack 
Oint 


I 


Prog Count 


0588 
CCI 


• 
Branch 
Instructions 
A branch 
instruction 
branches 
from 
the 
program 
sequence 
in 


progress 
if a particular 
condition 
is established. 
See Table 
7. 


• 
Bit Manipulation 
Instructions 
These 
instructions 
can be used 
with any bit located 
up to the 


lower 
2SSth 
address 
of memory. 
Two 
groups 
are 
available; 
one 


for setting 
or clearing 
and the other 
for bit testing 
and branching. 


See Table 
8. 


• 
Control 
Instructions 
The 
control 
instructions 
control 
the 
operation 
of the 
MCV 


which 
is executing 
a program. 
See Table 
9. 


• 
List of Instructions 
in Alphabetical 
Order 


Table 
10 lists 
all the 
instructions 
used 
on 
the 
HD630SVO 


MCV 
in the alphabetical 
order. 


• 
Operation 
Code 
Map 
Table 
II 
shows 
the 
operation 
code 
map 
for the 
instructions 


used on the MCV. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Boolean/ 
Condition 


Operations 
Mnemonic 
Arithmetic 
Code 


ImmedIate 
Direct 
Extended 
(No Offset) 
18-81tOffset) 116·&'OttsetI 
Operation 


OP : - 
OP 
: - 
OP : - 
OP : 
- 
OP : - 
OP : - 
H 
I 
N 
2 
C 


Load A from Memory 
LOA 
A6 
2 
2 
86 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 
M_A 
0 
0 " 


A 
0 


load 
X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
3 
CE 
3 
4 
FE , 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
0 
0 " " 


0 


Store 
A In Memory 
5TA 
- - - 
87 
2 
3 
C7 
3 
4 
F7 
1 
4 
E7 
2 
4 
07 
3 
5 
A-M 
0 
0 
A " 


0 


Store 
X In Memory 
STX 
- - - BF 
2 
3 
CF 
3 
4 
FF 
1 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
0 
0 
A 
A 
0 


Add Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
A+M-·A 
" 


0 " " " 
Add 
Memory 
and Carry 


to A 
AoC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
" 


0 
A. 
A 
A 


Subtract 
Memory 
SUB 
AD 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A-M--A 
0 
0 
A. " " 
Subtract 
Memory 
from 


A with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A-M-C-A 
0 
0 " " 


A, 


AN 0 Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 
A· 
M-A 
0 
0 " " 


0 


OR Memory 
wIth 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
oA 
3 
5 
A+M-A 
0 
0 
1\ " 


0 


Exclusive OR Memory 


with 
A 
EOR 
A8 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
08 
3 
5 
A+ 
M-A 
0 
0 
1\ " 
0 


Arithmetic 
Compare 
A 


with 
Memory 
CMP 
A1 
2 
2 
B1 
2 
3 
C1 
3 
4 
F1 
1 
3 
E1 
2 
4 
ot 
3 
5 
A-M 
0 
0 " 


A, 
A, 


Arithmetic 
Compare 
X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
'3 
1 
3 
E3 
2 
4 
03 
3 
5 
X-M 
0 
0 
1\ " 


A, 


Bit Test Memory 
wIth 


A (LogIcal 
Compare) 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A·M 
0 
0 " 


1\ 
0 


Jump 
Unconditional 
JMP 
- - - 
BC 
2 
2 
CC 
3 
3 
FC , 
2 
EC 
2 
3 
DC 
3 
4 
0 
0 
0 
010 


Jump 
to Subroutine 
JSR 
- - 
- 
Bo 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
5 
DO 
3 
6 
10 
0 
01010 


Symbols: 
Op"" Operation 
# 
"" Number 
of bytes 


- 
•• Number 
of cycles 


Addressing 
Modes 


Indexed 
Indexed 
Condition 


Operations 
Mnemonic 
Boolean/Arithmetic 
Operation 
Code 


Implled(A) 
Implled(X) 
Direct 
(No Offset) 
18-BltOffsetl 


OP 
: 
- 
oP . - 
OP 
: 
- 
OP 
: 
- 
oP 
: 
- 
H 
I 
N 
2 
C 


Increment 
INC 
4C 
1 
2 
5C 
1 
2 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 
A+ 
l-A 
or X+1 
....•X or M+l_M 
0 
0 
A 
A 
0 


Decrement 
oEC 
4A 
1 
2 
5A 
1 
2 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 
A-1-A 
or X-1-X 
or M-l-+M 
0 
0 " " 
0 


Clear 
CLR 
4F 
1 
2 
5F 
1 
2 
3' 
2 
5 
7F 
1 
5 
6' 
2 
6 
OO-A 
or OO-X 
or 00 
-;oM 
0 
0 
0 
1 
0 


Complement 
COM 
43 
1 
2 
53 
1 
2 
33 
2 
5 
73 
1 
5 
63 
2 
6 
A .....A or X-X 
or M-M 
0 
0 
1\ " 


1 


Negate 
OO-A-A 
or OO-X-X 


12'$ Complement} 
NEG 
40 
1 
2 
50 
1 
2 
30 
2 
5 
70 
1 
5 
60 
2 
6 
or OO-M 
__M 
0 
0 " 


A, 
A, 


Rotate 
left 
Thru 
Carry 
RoL 
49 
1 
2 
59 
1 
2 
39 
2 
5 
79 
1 
5 
69 
2 
6 lEt 


A ode 
or" 
..~ 
0 
0 
" 
I I I I I 


A, 
A, 
I 
I 


Rotate 
Right 
Thru Carry 
ROR 
46 
1 
2 
56 
1 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 lEHb. 
H+:MI ..~ 
0 
0 
A. 
A, " 
c 
I 
I 


c 
b, 
.. 


Logical 
Shift 
left 
LSL 
4B 
1 
2 
5B 
1 
2 
3B 
2 
5 
7B 
1 
5 
6B 
2 
6 [)-l I ~~:xHI I 1-0 
0 
0 
A, " " 


2 
54 
1 
2 
34 
2 
5 
74 
b, 
bo 
C 


logical 
Shift 
Right 
LSR 
44 
1 
1 
5 
64 
2 
6 
o-j 
I I'H";MI I KJ 
0 
0 
0 
1\ " 


ArithmetiC 
Shift 
RIght 
[(b' 
.. 
C 


ASR 
47 
1 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
I H'~~:MII 1-0 
0 
0 " 


A, " 


ArithmetiC 
Shift 
Left 
ASL 
48 
1 
2 
58 
1 
2 
38 
2 
5 
7B 
1 
5 
68 
2 
6 
Equal to LSL 
0 
0 
A, " " 


Test for 
Negative 


or Zero 
TST 
40 
1 
2 
50 
1 
2 
3D 
2 
4 
70 
1 
4 
60 
2 
5 
A-OO 
or X-DO 
or M-OO 
0 
0 " " 


0 


Symbols: 
Op'" 
Operation 


# 
""Number 
of bytes 


- 
"" Number 
of cycles 
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Addressing 
Modes 
Condition 
Code 
Operations 
Mnemonic 
Relative 
Branch Test 


OP 
# 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 


Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 


Branch 
IF Higher 
BHI 
22 
2 
3 
c+z=o 
• • • • • 


Branch 
IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=1 
• • • • • 


Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 
(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=1 
• • • • • 
(Branch 
IF lower) 
(BlO) 
25 
2 
3 
C=1 
• • • • • 


Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 


Branch 
IF Equal 
BEQ 
27 
2 
3 
Z=1 
• • • • • 


Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 


Branch 
IF Half 
Carry 
Set 
BHCS 
29 
2 
3 
H=1 
• • • • • 


Branch 
IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 


Branch 
IF Minus 
BMI 
2B 
2 
3 
N=1 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Set 
BMS 
20 
2 
3 
1=1 
• • • • • 


Branch 
IF Interrupt 
line 


is low 
Bll 
2E 
2 
3 
INT=O 
• • • • • 


Branch 
IF Interrupt 
line 


is High 
BIH 
2F 
2 
3 
INT=1 
• • • • • 


Branch 
to 
Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: Op :::Operation 


# 
'" Number 
of bytes 


-- 
= Number 
of cycles 


Addressing 
Modes 
Boolean/ 
Condition 
Code 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch Arithmetic 
Branch 
Test 
OP 
II - 
OP 
;: - 
Operation 
H 
I 
N 
Z 
C 


Branch 
IF Bit n is set 
BRSET n(n=0···7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=l 
• • • • 
Branch 
IF Bit n is clear 
BRClR 
n(n-0···7) 
- 
- - 
01 +2·n 
3 
5 
- 
Mn=O 
• • • • 


Set Bit n 
BSET n(n=0···7) 
10+2·n 
2 
5 
- 
- 
-- 
1-Mn 
- 
• • • • • 
Clear Bit n 
BClR 
n(n-0···7) 
11 +2·n 
2 
5 
- 
- 
- 
O-Mn 
- 
• • • • • 
Symbols: Op;;: Operation 


# 
:= Number 
of bytes 


- 
= Number 
01 cycles 
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Addressing Modes 


Condition 
Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
II 
- 
H 
I 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A~X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X~A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
l~C 
• • • • 
1 
Clear Carry Bit 
CLC 
98 
1 
1 
O~C 
• • • • 
0 
Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 
1~1 
• 
1 • • • 
Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 
O~I 
• 
0 • • • 
Software 
Interrupt 
SWI 
83 
1 
10 
• 
1 • • • 
Aeturn from 
Subroutine 
ATS 
81 
1 
5 
• • • • • 
Aeturn from 
Interrupt 
ATI 
80 
1 
8 
? 
? 
? 
? 
? 


Aeset Stack Pointer 
ASP 
9C 
1 
2 
$FF~SP 
• • • • • 
No-Operation 
NOP 
90 
1 
1 
Advance Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
80 
1 
2 
Converts 
binary 
add of BCD charcters 
Into 
• • 
1\ 
1\ 
1\* 
BCD format 


Stop 
STOP 
8E 
1 
4 
• 
0 • • • 
Wait 
WAIT 
8F 
1 
4 
• 
0 • • • 


Symbols: 
OP:::l Operation 
# 
= Number of bytes 


-- 
'" Number 
of cycles 


Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Implied 
Immediate' 
Direct 
Extended 
Relative 
(No Offset) 
(8·8it) 
(16·8it) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
A • 


A 
A 
1\ 


ADD 
x 
x 
x 
x 
x 
X 
A • 


1\ 
1\ 
1\ 


AND 
X 
x 
x 
x 
x 
x 
• • 


1\ 
1\ • 
ASl 
x 
x 
x 
x 
• • 


f 
A 
1\ 


ASR 
x 
x 
x 
x 
• • 


A 
A 
A 


BCC 
x 
• • • • • 
BClR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEa 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
(BHS) 
x 
• • • • • 
BIH 
x 
• • • • • 
Bil 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • , 
A • 
(BlO) 
x 
• • • • • 
BlS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPl 
x 
• • • • • 
BRA 
x 
• • • • • 


Condition 
Code 
Symbols: 
H 
Half Carry (From Bit 3) 


I 
Interrupt Mask 


N 
Negative (Sign Bit) 


Z 
Zero 


Carry /Borrow 
Test and Set if True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
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Addressing Modes 
I 
Condition 
Code 


Bit 
Bit 
I 
I 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set 
Test 
& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8-Bit) 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BAN 
x 
• • • • • 
BACLA 
x 
• • • • 
f\ 


BASET 
x 
• • • • " 
BSET 
x 
• • • • • 


BSA 
x 
• • • • • 
CLC 
x 
• • • • 
0 


Cli 
x 
• 
0 • • • 
CLA 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
f\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DAA 
x 
• • 
/\ 
f\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


EOA 
x 
x 
x 
x 
x 
X 
I· 
• 
/\ 
f\ • 


INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 


JSA 
x 
x 
x 
x 
x 
• • • • • 
LDA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
LDX 
x 
x 
x 
x 
x 
x 
• • " 
II • 
LSL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


LSA 
x 
x 
x 
x 
• • 
0 
f\ 
/\ 


NEG 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


NOP 
x 
• • • • • 
OAA 
x 
x 
x 
x 
x 
x 
• 
.1/\ 
f\ • 
AOL 


I 


x 
x 
x 
x 
• • " 
f\ 
/\ 


AOA 
x 
x 
x 
x 
I. • 
/\ 
f\ " 
ASP 
x 
• • • • • 
ATI 
x 
7 
7 I 7 
7 
7 


ATS 
, 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
/\ " " 
SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
1\ "I· 
STOP 
x 
• 
0 • • • 
STX 
x 
x 
x 
x 
x 
• • 
1\ " • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ " 
SWI 
x 
• 
1 • • • 


TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 
1\ " • 


TXA 
x 
• • • • • 
WAIT 
x 
• 
0 • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 31 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bit) 
Z 
Zero 


Carry 
Borrow 


Test and Set If True, 
Cleared 
Otherwise 


Not 
Affected 
Load CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read Modify/Write 
Control 
Register /Memory 


Test & 
Set/ 


Branch 
Clear 
Rei 
DIR 
A 
X 
,Xl 
,XO 
IMP 
IMP 
IMM 
DIR 
EXT 
,X2 
,Xl 
,XO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
~ 


0 
8RSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETI 
BSET1 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRI 
BCLRI 
BLS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LDA 
6 


7 
BRCLR3 
BCLR3 
BEO 
ASR 
- 
TAX' 
- 
STA 
STAI+lj 
7 


8 
BRSET4 
BSET4 
BHCC 
LSl/ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPL 
DEC 
- 
CLI' 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI' 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP' 
- 
JMP(-I) 
C 


D 
BRCLR6 
BCLR6 
BMS 
TSTI-l) 
TST 
TST(-I) 
DAA' 
NOP 
BSW 
JSR(+2) 
JSR(+I) 
JSRI+21 
D 


E 
BRSET7 
BSET7 
BIL 
- 
STOP' 
- 
LDX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT' TXA' 
- 
STX 
STXI+ll 
F 


3/5 
215 
2/3 
2/5 
112 
1/2 
216 I 1/5 
1 
• 
1/1 
2,2 
2,3 
3/4 
3/5 
214 
1/3 


(NOTES) 
1. 
"-" 
is an undefined operation 
code. 


2. 
The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycles). 


The number of cycles for the mnemonics asterisked (.) is as follows: 


RTI 
8 
TAX 
2 
RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 


OAA 
2 
BSR 
5 
STOP 
4 
ell 
2 
WAIT 
4 
SEI 
2 
3. 
The parenthesized 
numbers 
must be added 
to the cycle count 
of the particular 
instruction. 


• 
Additional 
Instructions 


The following 
new instructions 
are used on the HD6305VO: 
DAA 
Converts 
the contents of the accumulator 
into BCD code, 
WAIT 
Causes the MCU 
to enter the wait mode, For this mode, 


see the topic, Wait Mode, 


STOP 
Causes the MCV 
to enter the stop mode, For this mode, 


see the topic, Stop Mode, 
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HD6305XO, HD63A05XO ,--- 
HD63B05XO 
CMOS 
MCU(Microcomputer Unit) 


The 
HD6305XO 
is a CMOS 
8-bit 
single-chip 
microcomputer. 


The 
CMOS 
unit 
is upward 
compatible 
with 
the HD6805 
family 


in 
respect 
to 
instructions_ 
On 
the 
chip 
of 
the 
HD6305XO, 
a 


CPU, 
a clock 
generator, 
a 4kB 
ROM, 
a 128-byte 
RAM, 
55 I/O 


terminals, 
two 
timers 
and 
a 
serial 
communication 
interface 


(SCI) are built 
in_ Because 
of the CMOS process, 
the HD6305XO 


consumes 
less 
power 
than 
the 
NMOS. 
In addition, 
three 
low 


power 
dissipation 
modes 
(stop, 
wait, 
and 
standby) 
support 
the 


low power 
operating. 


Other 
distinguished 
features 
include 
enhanced 
instruction 


cycle 
of 
the 
main 
instructions 
and 
the use of three 
additional 


instructions 
to obtain 
more 
improved 
system 
throughput. 


• HARDWARE 
FEATURES 


• B-bit based 
MCU 


• 4096-bytes 
of ROM 


• 12B-bytes 
of RAM 


.A 
total 
of 
55 
terminals, 
including 
32 
I/O's, 
7 inputs 
and 
16 


outputs 


-Two 
timers 
B-bit 
timer 
with 
a 7-bit 
prescaler 
(programmable 
prescaler; 
event 
counter) 
15-bit 
timer 
(commonly 
used 
with 
the 
SCI clock 
divider) 
• On-ehip 
serial interface 
circuit 
(synchronized 
with 
clock) 
• Six 
interrupts 
(two 
external, 
two 
timer, 
one 
serial 
and 
one 


software) 


• Low power 
dissipation. 
modes 


- 
Wait 
.... 
In this 
mode, 
the clock 
oscillator 
is on and the 


CPU 
halts 
but 
the 
timer/serial/interrupt 
func- 


tion 
is operatable. 


Stop. 
. 
In 
this 
mode, 
the 
clock 
stops 
but 
the 
RAM 


data, 
I/O status 
and registers 
are held. 
Standby 
.. 
In 
this 
mode, 
the 
clock 
stops, 
the 
RAM 
data 


is 
held, 
and 
the 
other 
internal 
condition 
is 


reset. 


• Minimum 
instruction cycle time 


HD6305XO 
. . . 
1 IlS (f = 1 MHz) 
- 
HD63A05XO 
0.67 
IlS (f = 1.5 MHz) 


- 
H D63B05XO 
. 
0.51ls (f = 2 MHz) 
• Wide operating 
range 
VCC = 3 to 6V (f = 0.1 to 0.5 MHz) 
HD6305XO 
..... 
f = 0.1 to 1 MHz (VCC = 5V ± 10%) 
HD63A05XO 
f = 0.1 to 
1.5 MHz (VCC = 5V ± 10%) 
HD63B05XO 
f = 0.1 to 2 MHz (VCC = 5V ± 10%) 


.System 
development 
fully 
supported 
by 
an 
evaluation 
kit 


HD6305XOP, 
HD63A05XOP, 


HD63B05XOP 


HD6305XOF, 
HD63A05XOF, 
HD63B05XOF 


• SOFTWARE 
FEATURES 


.Similar 
to HD6BOO 


• Byte efficient 
instruction 
set 
• Powerful 
bit manipulation 
instructions 
(Bit Set, Bit Clear, 
and 


Bit Test 
and 
Branch 
usable 
for all RAM bits and all I/O termi- 


nals) 
.A variety 
of interrupt.operations 
• Index 
addressing 
mode 
useful 
for table 
processing 
.A variety 
of conditional 
branch 
instructions 
• Ten powerful 
addressing 
modes 
• All addressing 
modes 
adaptable 
to RAM, and 
I/O instructions 


.Three 
new 
instructions, 
STOP, 
WAIT 
and 
DAA, 
added 
to the 


HD6B05 
family 
instruction 
set 
• Instructions 
that 
are upward 
compatible 
with 
those 
of Moto- 


rola's 
MC6B05P2 
and MC146B05G2 
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• PIN ARRANGEMENT 


• 
HD6305XOP. 
HD63A05XOP. 
HD63B05XOP 


Vss 
0 
Go 


RES 
G, 
~ 
G, 
STBY 
G, 


XTAL 
G. 


EXTAL 
G. 


NUM 
G, 


TIMER 
G, 


A, 
F1 
A. 
Fe 


As 
Fs 


A. 
F4 


AJ 
F3 
A2 
F2 


Al 
F, 
Ao 
Fo 
81 
E, 
B, 
E. 


85 
Es 
B. 
E. 


8] 
E, 


8, 
E2 
81 
E, 


80 
Eo 


C,/Tx 
0, 
CI/Rx 
D,/mT, 


C,/CK 
D. 
C. 
O. 


C, 
D, 
C, 
02 
C, 
D1 


Co -L- 
---'~ 
Vcc 


Port 
B 


I/O 
Terminels 


o. 
o"lRT';" 
g; 
Port 0 
o. 
Input 


0, 
T••.minell 


D, 


Port A 
I/O 
Terminels 


Indell 


Regist.r 
)( 


Condition 
Code 


Aegine, cc 


StKk 
Point.r 
Sp 


Port E 
OutpUt 
Terminal, 


f. 
f, 
F, 
Pon F 


:: 
Output 


F. 
Termin.l, 
f. 
f. 
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Item 
Symbol 
Value 
Unit 


Supply voltage 
Vee 
-0.3 - 
+7.0 
V 


Input voltage 
Vin 
-0.3 - 
Vee + 0.3 
V 


Operating temperature 
Topr 
0-+70 
°c 


Storage temperature 
Tstg 
-55-+150 
°c 


[NOTE] 
These prOdlJCu have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. 
Notwithstanding, 


be careful not to apply any voltage higher than the absolute maximum 
rating to these high input impedance circuits. 
To assure normal 
operation, we recommended Vln. Vout; Vss ~ (Vin or Voutl 
~ VCC' 


• ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics (Vcc = 5.0V ± 10%, Vss = GND and T. = 0 - +70°C unless otherwise specified) 


Input 
voltage 
"High" 


Current 
• 
dissipation 


Input 
leakage 
current 


Three- 
state 
current 


Input 
capacity 


1fE"S, STB'i' 


EXTAL 


Vee- 
0.5 


Vee 
x 0.7 


2.0 


-0.3 


Vee+ 
0.3 


Vee+ 
0.3 


Vee+ 
0.3 


0.8 
All Inputs 


Operating 


Wait 


Stop 


Standby 


TIMER, 
INT, 


~D" 


Ao -A7, 
Bo - 
B7, 
Co-C7, 
Go - 
G7, 
Eo-E7~·· 
Fo 
F,··· 


Vin = 0.5- 


Vee - 0.5V 


f = lMHz, 
Vin = OV 


*VIHmin'" 
Vec-1.0V, VIL max '" 0.8 V 
··The value at f· xMHz can be calculated by the following 
equation: 


••• 
A t standby 
mode 
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Test 
HD6305XO 
HD63A05XO 
HD63B05XO 
Item 
Symbol 
Unit 
condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
fel 
0.4 
- 
4 
0.4 
- 
6 
0.4 
- 
B 
MHz 
frequency 


Cycle time 
tcyc 
1.0 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
IJs 


INT pulse 
tlWL 
te~e 
- 
- 
tc2'c 
- 
- 
tcye 
- 
- 
ns 
width 
+2 
0 
+00 
+200 


INT2 
pulse 
tlWL2 
tcyc 
- 
- 
t~e 
- 
- 
tcye 
- 
- 
ns 
width 
+250 
+ 00 
+200 


RES pulse 
tRWL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tcyC 
width 


TIMER 
pulse 
tTWL 
tcyc 
- 
- 
tcye 
- 
- 
tcyc 
- 
- 
ns 
width 
+250 
+200 
+200 


Oscillation 
CL = 22pF ± 
20% 
start time 
tose 
Rs = 60n 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 
(crystal) 
max 


Reset delay 
tRHL 
External 
cap. 
BO 
- 
- 
80 
- 
- 
80 
- 
- 
ms 
time 
2.2IJF 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


Output 
volt· 
IOH = -200IJA 
2.4 
- 
- 
V 


age "High" 
Ports A, 
VOH 
IOH = -10IJA 
Vee 
- 0.7 
- 
- 
V 
B,C,G, 
Output 
volt- 
E,F 
VOL 
IOL = 1.6mA 
- 
- 
0.55 
V 
age "Low" 


Input 
volt· 
VIH 
2.0 
- 
Vee 
+ 0.3 
V 
age "High" 


Input 
volt- 
Ports A, 


V1L 
- 0.3 
O.B 
V 
age "Low" 
B, C, 0, 
- 


G 


Input 
leak· 
IlL 
Vin = 0.5- 
-1 
- 
1 
IJA 
age current 
Vee 
- 0.5V 


Test 
HD6305XO 
HD63A05XO 
HD63B05XO 
Unit 
Item 
Symbol 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock Cycle 
tScye 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
IJS 


Data Output 
Delay Time 
tTXO 
Fig. 1 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set-up Time 
tSRX 
Fig.2 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Data Hold Time 
tHRx 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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TTL 
Load 
(Port) 
Test point 
terminal 


[NOTES] 
1. The load capacitance 
ineludes stray capacitance caused 


by the probe. etc. 
2. 
All diodes are 1S2074 ® . 


• DESCRIPTION 
OF TERMINAL 
FUNCTIONS 


The input and output signals of the HD6305XO are described 


here. 


evcc, Vss 
Voltage 
is applied 
to MCU through 
these two terminals. 
VCC is 5.0V ± 10%, while VSS is grounded . 


• INT, INT2 
External interrupt 
request inputs to MCU. For details, refer 


to 
"INTERRUPTS". 
The 002 
terminal 
is also used as the 


port D6 terminal. 


.XTAL, 
EXTAL 
These terminals provide input to the on-chip clock circuit. 


A crystal 
oscillator 
(AT cut, 2.0 to 8.0 MHz) or ceramic 


fIlter is connected 
to the terminal. 
Refer to "INTERNAL 


OSCILLATOR" for using these input terminals . 


• TlMER 
This is an input 
terminal 
for event 
counter. 
Refer to 
"TIMER" for details . 


• RES 
Used to reset the MCU. Refer to "RESET' 
for details . 


• NUM 
This terminal is not intended for user applications. It should 


be grounded to Vss . 


• Input/Output 
Terminals 
lAo - 
A7, Bo - 
B7, Co - 
C7, Go - 


G,) 
These 32 terminals consist of four 8-bit [/0 ports (A, B, C, 


G). Each of them can be used as an input or output terminal 
on a bit through program control of the data direction register. 
For details, refer to "I/O PORTS". 


• Input Terminals (01 - 
07) 
These seven input-only 
terminals are TTL or CMOS com- 


patible. 
Of the port D's, D6 is also used as INT2. If D6 is 


used as a port, the [NT2 interrupt 
mask bit of the miscellane- 


ous register must be set to "I" 
to prevent an INT, interrupt 


from being accidentally accepted. 


• Output Terminals (Eo - 
E7, Fo - 
F7) 
These 
16 output-only 
terminals 
are TTL or CMOS com- 


patible . 


• STBY 
This terminal is used to place the MCU into the standby 


mode. 
With STBY at "Low" 
level, the oscillation stops and 


the internal condition 
is reset. For details, refer to "Standby 


Mode". 


The terminals described in the following are I/O pins for 


serial communication 
interface (SCI). 
They are also used as 


ports 
Cs, C6 and C7• 
For details, refer to "SERIAL 
COM- 


MUNICATION INTERFACE." 


.CK (Cd 
Used to input or output clocks for serial operation . 


• Tx (C7) 
Used to transmit serial data. 


• Rx (C6) 
Used to receive serial data. 
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-MEMORY 
MAP 


The memory 
map of the HD6305XO MCV is shown in 


Fig. 4. 
During interrupt 
processing, the contents of the CPV 


registers are saved into the stack in the sequence shown in 
Fig. 5. 
This saving begins with the lower byte (PCL) of the 


program 
counter. 
Then 
the 
value of the stack pointer 
is 


decremented 
and 
the 
higher 
byte 
(PCH) of the 
program 


counter, 
index register (X), accumulator 
(A) and condition 


code register (CC) are stacked in that order. 
In a subroutine 


call, only the contents of the program counter (PCH and PCL) 
are stacked. 


0 
SOOOO 
0 
PORT A 
SOO 
o Ports 
1 
PORT B 
S01 
Timer 
2 
PORT C 
S02 
SCI 
3 
PORT 0 
S03"" 
127 
128 
RAM 
4 
PORT 
A DDR 
S04" 


(128Bytes) 
5 
PORT 
BOOR 
S05" 


Stack 
6 
PORT 
C DDR 
S06" 


255 
7 
PORT 
G DDR 
S07" 


256 
8 
Timer 
Data 
Reg 
S08 


Not Used 
9 
Timer 
CTRl 
Reg $09 
10 
ISC 
e9 
$OA 
11 
PORT E 
SOB 


4095 
12 
PORT F 
$OC 


4096 
13 
PORT G 
$00 
ROM 


(4.096Bytes) 
Not Used 


8182 
---------- 
$1FF6 
SCI 
CTRl 
Reg 
$10 
Interrupt 
SCI 
STS 
Reg 
$11 


8191 
Vectors 
$1FFF 
SCI 
Data 
Reg 
$12 
8192 
$2000 


Not Used 
Not Used 


$7F 


16383 
$3FFF 
• Write only register 
*. Read only register 


7 
6 
5 
4 
3 
2 
1 
Condition 
Code Register 


-REGISTERS 
There are five registers which the programmer can operate. 


oIAccumulator 
o 
I 
index 
Register 


13 
0 
I 
PC 
IProgram 
.Counter 


13 
6 5 
0 
~---s-p---I~bf~~r 


7I 
A 


7 
I 
X 


Condition 
Code 
Register 
~gg~~ 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


• Accumulator (A) 
This accumulator 
is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 


• Index Register (X) 
The index register is an 8-bit register, and is used for index 
addressing 
mode. 
Each of the 
addresses contained 
in the 
register consists of 8 bits which, combined 
with an offset 
value, provides an effective address. 


In the case of a read/modify/write 
instruction, 
the index 


register can be used like an accumulator 
to hold operation 
data or the result of operation. 


If not used in the index addressing mode, the register can 
be used to store data temporarily. 


• Program Counter (PC) 
The program counter is a 14-bit register that contains the 


address of the next instruction to be executed. 


• Stack Pointer (SP) 
The stack pointer is a l4-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $OOFF. It is decremented when data 
is pushed, and incremented 
when pulled. The upper 8 bits 
of the stack pointer are fIXed to 000000 II. During the MCV 
being reset or dUring a reset stack pointer (RSP) instfllction, 
the pointer 
is set to address $OOFF. Since a subroutine 
or 
interrupt 
can use space up to address $OOCI for stacking, the 
subroutine 
can be used up to 31 levels and the interrupt 
up 
to 12 levels. 


• Condition Code Register (CC) 
The condition 
code register is a 5-bit register, each bit 
indicating 
the result of the instruction 
just executed. 
The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 


Half Carry (H): Used to indicate 
that a carry occurred 
be- 


tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 
Interrupt (I): 
Setting this bit causes all interrupts, 
except 


a software 
interrupt, 
to be masked. 
If an 


interrupt 
occurs 
with 
the 
bit 
I set, it is 
latched. 
It 
will be 
processed 
the 
instant 


the interrupt 
mask bit is reset. (More specifi- 


cally, it will enter 
the interrupt 
processing 


routine 
after 
the 
instruction 
following the 


CLI has been executed.) 


Negative 00: 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"I"). 


Zero (Z): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Carryl 
Represents 
a carry or borrow that occurred 


Borrow (C): 
in the most recent arithmetic ope~ation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


-INTERRUPT 
There~e 
six different 
types of interrupt: 
external inter- 


rupts 
(lNT,. 
~), 
internal 
timer 
interrupts 
(TIMER, 
TIMER.), 
serral mterrupt 
(S.CI) and interrupt 
by an instruc- 


tion (SWI). 


1~1 
5FF~SP 
O~DDR'S 
CLRINT logic 
$FF~TDR 
$7F~ Timer Prescaler 
550~TCR 
53F~SSR 
500~SCR 
57F-MR 


Of these six interrupts, 
the INT. 
and TIMER or the SCI 


and TIMER. generate the same vector address, respectively. 


When an interrupt 
occurs, the program in progress stops 


and the then CPU status is saved onto the stack. 
And then, 


the interrupt 
mask bit (I) of the condition 
code register is 


set and the start address of the interrupt 
processing routine 


is obtained 
from a particular interrupt 
vector address. 
Then 


the interrupt 
routine 
starts 
from the start address. 
System 


can exit from the interrupt 
routine by an RTI instruction. 


When this instruction 
is executed, 
the CPU status before 


the interrupt 
(saved onto 
the stack) is pulled and the CPU 


restarts the sequence with the instruction 
next to the one at 


which the interrupt 
occurred. 
Table 
1 lists the priority 
of 
interrupts and their vector addresses. 


Interrupt 
Priority 
Vector Address 


m 
1 
51FFE, 
$lFFF 


SWI 
2 
51FFC, 
$lFFD 


INT 
3 
$lFFA, 
$lFFB 


TIMER/INT. 
4 
$lFF8, 
$lFF9 


SCI/TIMER. 
5 
$lFF6, 
$lFF7 


A flowchart 
of the interrupt 
sequence is shown in Fig. 7. 


A block diagram of the interrupt 
request source is shown in 


Fig. 8. 
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In the block diagram, both the external interrupts INT and 


IliITi are edge trigger inputs. 
At the falling edge of each input, 


an interrupt 
request is generated and latched. 
The INT inter- 


rupt 
request 
is automatically 
cleared if jumping is made to 


the INT processing routine. 
Meanwhile, the INT, request is 


c1eareu r "0" is written in bit 7 of the miscellaneous register. 


For 
the 
external 
interrupts 
(INT, INT,), 
internal 
timer 


interrupts 
(TIMER, TIMER,) 
and serial interrupt 
(SCI), each 


interrupt 
request is held, but not processed, if the I bit of the 


condition 
code register is set. 
Immediately 
after the I bit is 


cleared, the corresponding 
interrupt 
processing starts accord- 


ing to th!..P.!i0rity. 
The INT, 
interrupt 
can be masked by setting bit 6 of the 


miscellaneous register; the TIMER interrupt 
by setting bit 6 


of the timer control register; the SCI interrupt 
by setting bit 


5 of the serial status register; and the TIMER, 
interrupt 
by 


setting bit 4 of the serial status register. 


The status of the INT terminal can be tested by a BIL or 


BIH instruction. 
The INT falling edge detector 
circuit and 


its latching circuit are independent 
of testing by these instruc- 


tions. This is also true with the status of the INT, terminal. 


• Miscellaneous Register 
(MR; 
SOOOA) 


The interrupt 
vector 
address 
for the 
external 
interrupt 


INT, 
is the same as that for the TIMER interrupt, 
as shown 


in Table I. 
For this reason, a special register called the miscel· 


laneous 
register 
(MR; 
$OOOA) is available to control 
the 


INT2 interrupts. 


Falling Edge Detector 
I 


Bit 7 of this register is the INT, 
interrupt 
request flag. 


When the falling edge is detected 
at the INT, terminal, "I" 


is set in bit 7. 
Then the software in the interrupt 
routine 
(vector 
addresses: 
$IFF8, 
$IFF9) 
checks bit 7 to see if it 
is INT, interrupt. 
Bit 7 can be reset by software. 


Miscellaneous Register (MR;$OOOA) 
76543210 


~ 


~ 
~:terruPt Mask 


--------- 
INT2 
Interrupt 
Request Flag 


Bit 6 is the INT, interrupt 
mask bit. 
If this bit is set to "I". 


then the INT, interrupt 
is disabled. 
Both read and write are 
possible with bit 7 but "I" 
cannot be written in this bit by 
software. 
This means that an interrupt 
request by software 
is impossible . 
When reset, bit 7 is cleared to "0" and bit 6 is set to "I". 


-TIMER 
Figure 9 shows an MCV timer block diagram. 
The timer 
data 
register is loaded by software 
and, upon receipt 
of a 


clock 
input, 
begins to count 
down. 
When the timer 
data 
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register 
(TDR) 
becomes 
"0", 
the 
timer 
interrupt 
request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt 
request, the MCV saves its status into the stack 


and 
fetches timer interrupt 
routine 
address from addresses 


$1FF8 and $1FF9 and execute 
the interrupt 
routine. 
The 


timer interrupt 
can be masked by setting the timer interrupt 


mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition 
code register can also mask the timer 


interrupt. 


The source clock to the timer can be either an external 


signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). 
If the E signal is used as 


the source, the clock input can be gated by the input to the 
timer input terminal. 
Once the timer count has reached "0", 
it starts counting 


down with "$FF". 
The count 
can be monitored 
whenever 


desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence 
of a timer interrupt, 
without 
disturbing the con· 


tents of the counter. 


When the MCU is reset, both the prescaler and counter are 


initialized 
to 
logic 
"I". 
The timer 
interrupt 
request 
bit 


(bit 7) then is cleared and the timer interrupt 
mask bit (bit 


6) is set. 


To clear the timer interrupt 
request bit (bit 7), it is neces- 


sary to write "0" in that bit. 


TCR7 


o 


TCR6 


o 
E!;'abled 


Disabled 


(Internal 


Clockl 
E 


• Timer Control Register (TCR; $0009) 
Selection 
of a clock source, selection of a prescaler fre- 


quency division ratio, and a timer interrupt 
can be controlled 


by the timer control register (TCR; $0009). 


For the selection of a clock source, anyone 
of the four 


modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L Prescaler division ratio selection 


Prescaler initialize 
---------Clock 
input source 


Timer 
interrupt 
mask 
Timer interrupt request 


After reset, the TCR is initialized to "E under timer termi- 


nal control" 
(bit 5 = 0, bit 4 = I). 
If the timer terminal is 


"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 


When "1" 
is written in bit 3, the prescaler is initialized. 


This bit always shows "0" when read. 


Table 2 
Clock Source Selection 


TCR 


Bit 5 
Bit 4 
Clock input source 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


~HITACHI 


\ Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435·8300 


A prescaler division ratio is selected by the combination of 


three bits (bits 0, I and 2) of the timer control register (see 
Table 3). There are eight different division ratios: ';'1, ';'2,74, 
';'8, ';'16, ';'32, .;.64 and ';'128. 
After reset, the TCR is set to the 


';'1 mode. 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler division ratio 


0 
0 
0 
+1 


0 
0 
1 
.;.2 


0 
1 
0 
';'4 


0 
1 
1 
.;.8 


1 
0 
0 
';'16 


1 
0 
1 
.;.32 


1 
1 
0 
';'64 


1 
1 
1 
';'128 


A timer interrupt 
is enabled when the timer interrupt mask 
bit is "0", 
and disabled when the bit is "I". 
When a timer 
interrupt 
occurs, "I" 
is set in the timer interrupt 
request bit. 


This bit can be cleared by writing "0" in that bit. 


-SERIAL 
COMMUNICATION 
INTERFACE 
(SCI) 


This interface is used for serial transmission or reception 
of 8-bit data. 
Sixteen transfer rates are available in the range 
from Ills to approx. 32 ms (for oscillation at 4 MHz). 


The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 10.) SCI communicates 
with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below. are the operations 
of 
each register and data transfer. 


_ 
ruli--, 


Cs(CK) 
: 
I 
I 
I 
I 
I 
I 
II 


C.(Rx) 
! 
------, 
I 
C7~ 
I 
I 
L 
J 


Transfer 
Clock 
Generator 
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• Data Transmission 
By writing the desired control 
bits into the SCI control 


registers, a transfer 
rate and a source of transfer clock are 


determined 
and bits 7 and 5 of port C are set at the serial 


data output 
terminal 
and the serial clock terminal, 
respec- 
tively. 
The transmit data should be stored from the accumu- 


lator or index register into the SCI data register. 
The data 


written 
in the SCI data register is output 
from the C7/Tx 


terminal, 
starting 
with 
the 
LSB, synchronously 
with 
the 


falling edge of the serial clock. (See Fig.1 I.) When 8 bits of 
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SCR7 


o 


C7 terminal 


SCR6 


o 


SCR5 
SCR4 
Clock source 
Cs terminal 


0 
0 
- 
Used as I/O terminal (by 


0 
1 
- 
DDR). 


1 
0 
Internal 
Clock output (DDR output) 


1 
1 
External 
Clock input (DDR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding 
to the C7 


becomes "I" 
and this terminal serves for output 
of SCI data. 
After reset, the bit is cleared to "0". 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding 
to the C6 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 


Bits 5 and 4 (SCR5, SCR4) 


These bits are used to select a clock source. 
After reset, 


the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 


These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 


Transfer clock rate 
SCR3 
SCR2 
SCR1 
SCRO 
4.00 MHz 
4.194MHz 


0 
0 
0 
0 
1 JIG 
0.95 JlS 


0 
0 
0 
1 
2 JlS 
1.91 JlS 


0 
0 
1 
0 
4J1s 
3.82 JlS 


0 
0 
1 
1 
8 JlS 
7.64J1s 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768 JlS 
1/32 s 


esel Data Register (SDR; $0012) 


A serial-parallel conversion register that is used for transfer 


of data. 


Bit 7 (SSR7) 
Bit 7 is the SCI interrupt 
request bit which is set upon 


completion 
of 
transmitting 
or 
receiving 8-bit 
data. 
It is 


cleared when reset or data is written 
to or read from the 


SCI data register with the SCR5=" I". 
The bit can also be 


cleared by writing "0" in it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER, interrupt request bit. 
TIMER, is used 
commonly 
with the serial clock generator, 
and SSR6 is set 


each time the internal 
transfer clock falls. When reset, the 


bit is cleared. 
It also be cleared by writing "0" in it. (For 


details, see TIMER,.) 


Bit 5 (SSR5) 
Bit 5 is the SCI interrupt 
mask bit which can be set or 


cleared by software. 
When it is "I", the SCI interrupt (SSR7) 


is masked. When reset, it is set to "I". 


Bit 4 (SSR4) 
Bit 4 is the TIMER, 
interrupt 
mask bit which can be set 


or cleared by software. 
When the bit is "I", 
the TIMER, 


interrupt (SSR6) is masked. When reset, it is set to "I". 


Bit 3 (SSR3) 
When "I" 
is written in this bit, the prescaler of the transfer 


clock generator is initialized. 
When read, the bit always is "0". 


SSR7 


o 


SCI interrupt request 


Absent 


Present 


SSR6 
o 


1 


TIMER, interrupt request 


Absent 


Present 


SSR5 
o 


SCI interrupt mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER, interrupt mask 


Enabled 


Disabled 


data have been transmitted, 
the interrupt 
request bit is set in 


bit 
7 of the SCI status register with the rising edge of the 
last serial clock. This request can be masked by setting bit 
5 of the SCI status register. Once the data has been sent, the 
8th bit data (MSB) stays at the C7/Tx terminal. If an external 
clock source has been selected, the transfer rate determined by 
bits 0 - 3 of the SCI control register is ignored, and the Cs/ 
CK terminal 
is set as input. 
If the internal clock has been 


selected, the Cs/CK terminal is set as output and clocks are 
output 
at the transfer rate selected by bits 0 - 3 of the SCI 


~ontrol register. 


• Data Reception 


By writing the desired control 
bits into the SCI control 


register, a transfer rate and a source of transfer clock are de- 
termined 
and bit 6 and 5 of port C are set at the serial data 


input 
terminal 
and the 
serial clock terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 


system is ready for receiving data. 
(This procedure 
is not 


needed after reading subseqent received data. It must be taken 
after reset and after not reading subsequent received data.) 


The data 
from the C./Rx 
terminal 
is input 
to the SCI 


data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig.II). 
When 8 bits of data have been re- 
ceived, the interrupt 
request bit is set in bit 7 of the SCI 


status register. 
This request can be masked by setting bit 5 


of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored and the data is received synchro- 
nously with the clock from the Cs/CK terminal. 
If the internal 


clock has been selected, the Cs/CK terminal is set as output 
and clocks are output 
at the transfer rate selected by bits 0 - 


3 of the SCI control register. 


.TIMER> 
The SCI transfer clock generator can be used as a timer. 


The clock selected by bits 3 - 
0 of the SCI control register 


(4 JJ.s- 
approx. 32 ms (for oscillation at 4 MHz)) is input to 


bit 6 of the SCI status 
register and the TIMER> interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt requests 
occur periodically, 
TIMER> can be used as a 


reload counter or clock. 


CD 
: Transfer 
clock 
generator 
is reset and mask bit 
(bit 4 


of 
SCI 
status 
register) 
is clea red. 


®,OO : TIMER> 
interrupt request 


00. ® :TIMERz 
interrupt request bit cleared 


TIMER> is commonly 
used with the SCI transfer clock 
generator. 
If wanting to use TIMER> independently 
of the 


SCI, specify "External" 
(SCRS = I, SCR4 = I) as the SCI 


clock source. 


If "Internal" 
is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


-I/O PORTS 


There are 32 input/output 
terminals (ports A, B, C, G). 


Each I/O terminal can be selected for either input or output 
by the data direction register. 
More specifically, an I/O port 
will be input if "0" is written 
in the data direction register, 
and output 
if "I" 
is written 
in the data direction register. 


Port A, B or C reads latched data if it has been programmed 
as output, even with the output level being fluctuated by the 
output load. (See Fig. 12-a.) For port G, in such a case, the 
level of the pin is always read when it is read. (See Fig. 12-b.) 
This implies that, even when" 
I" is being output, port G may 


read "0" if the load condition 
causes the output 
voltage to 


decrease to below 2.OV . 
When reset, the data direction register and data register go 


to "0" and all the input/output 
terminals are used as input. 


Bit of data 
Bit of 
Status of 
direction 
output 
Input to 


register 
data 
output 
CPU 


, 
0 
0 
0 
, 
, 
, 
, 


0 
X 
3-state 
Pin 
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There are 16 output-only 
terminals (ports E and F). Each 


of them can also read. 
In this case, latched data is read even 


with the output 
terminal level being fluctuated by the output 
load (as with ports A, B and C). 
When reset, "Low" level is output from each output terminal. 


Seven input-only 
terminals are available (port D). Writing 


to an input terminal is invalid. 
All input/output 
terminals, 
output 
terminals 
and input 


terminals 
are TTL compatible 
and CMOS compatible 
in re- 


spect of both input and output. 


If I/O ports or input ports are not used, they should be 


connected to Vss via resistors. 
With none connected to these 


terminals, 
there is the possibility of power being consumed 


despite that they are not used. 


-RESET 


The MCV can be reset either by external reset input (RES) 


or power-on 
reset. 
(See Fig. 13.) 
On power up, the reset 


input must be held "Low" for at least tose to assure that the 
internal oscillator is stabilized. 
A sufficient time of delay can 


be obtained by connecting a capacitance to the RES input as 
shown in Fig. 14. 


-INTERNAL 
OSCILLATOR 


The 
internal 
oscillator 
circuit 
is designed to meet 
the 
requirement 
for minimum external configurations. 
It can be 
driven by connecting 
a crystal (AT cut 2.0 - 
8.0MHz) or 


ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 
Three different terminal connections are shown in Fig. IS. 


Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 


EXTAL 


10-a:oMHz= 
XTAL 
HD6305XO 


MCU 


10- 22pF±20% 


Crystal Oscillator 


Cll 


~"D 


EXTAL 


XTAL 
HD6305XO 


MCU 


External 
Ceramic Oscillator 


Clock 
Input 
EXTAL 


NC 
XTAL HD6305XO 


MCU 


C, 


~~ 
XTAL~~ 
EXTAL 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=2.0-a.OMHz 
Rs=6QQ max. 


[NOTE] 
Use as short wirings as possible for connection of the crystal 
with the 
EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings to cross others. 
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-LOW 
POWER 
DISSIPATION 
MODE 


The 
HD6305XO 
has 
three 
low 
power 
dissipation 
modes: 
wait, 
stop 
and standby. 


• Wait Mode 
When 
WAIT 
instruction 
being 
executed, 
the 
MCU 
enters 


into 
the 
wait 
mode. 
In this 
mode, 
the 
oscillator 
stays 
active 


but 
the 
internal 
clock 
stops. 
The 
CPU 
stops 
but 
the peripheral 


functions 
- 
the 
timer 
and 
the 
serial 
communication 
inter- 


face 
- 
stay 
active. 
(NOTE: 
Once 
the 
system 
has entered 
the 


wait 
mode, 
the 
serial 
communication 
interface 
can no longer 


be retriggered.) 
In the wait 
mode, 
the 
registers, 
RAM and I/O 


terrrunals 
hold 
their 
condition 
just 
before 
entering 
into 
the 


wait mode. 


The 
escape 
from 
this mode 
can be done 
by interrupt 
(INT, 
TIMER/IN'f2 
or 
SCI/T1MER2), 
RES 
or 
STBY. 
The 
RES 


resets 
the 
MCU 
and 
the 
STBY 
brings 
it 
into 
the 
standby 
mode. 
(This 
will be mentioned 
lateL) 
When 
interrupt 
is requested 
to the 
CPU 
and 
accepted, 
the 


wait 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the operation 


mode 
and vectors 
to the 
interrupt 
routine. 
If the 
interrupt 
is 


masked 
by the I bit of the condition 
code 
register, 
after 
releas- 
ing 
from 
the 
wait 
mode 
the 
MCU 
executes 
the 
instruction 


next 
to 
the 
WAIT. 
If an interrupt 
other 
than 
the 
INT (i.e., 
T1MER/INT2 
or SCI/T1MER2) 
is masked 
by the timer 
control 


register, 
miscellaneous 
register 
or serial 
status 
register, 
there 
is no interrupt 
request 
to the 
CPU, 
so the wait 
mode 
cannot 


be released. 


Fig. 
18 shows 
a flowchart 
for the wait 
function. 


• Stop Mode 
When 
STOP 
instruction 
being 
executed, 
MCU 
enters 
into 


the 
stop 
mode. 
In this mode, 
the oscillator 
stops 
and the 
CPU 


and 
Peripheral 
functions 
become 
inactive 
but 
the 
RAM, 
registers 
and 
I/O 
terminals 
hold 
their 
condition 
just 
before 


entering 
into 
the stop 
mode. 
The 
escape 
from 
this 
mode 
can 
be 
done 
by 
an external 


interrupt 
(INT 
or IN'f2), 
RES or STBY. 
The 
RES 
resets 
the 


MCU and the STBY brings 
into 
the standby 
mode. 


When 
interrupt 
is 
requested 
to 
the 
CPU 
and 
accepted, 


the 
stop 
mode 
escapes, 
then 
the 
CPU 
is brought 
to the opera- 


tion 
mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
inter- 


rupt 
is masked 
by 
the 
I bit 
of 
the 
condition 
code 
register, 


after 
releasing 
from 
the 
stop 
mode, 
the 
MCU 
executes 
the 


instruction 
next 
to the STOP. 
If the INT2 
interrupt 
is masked 


by 
the miscellaneous 
register, 
there 
is no interrupt 
request 
to 


the MCU, so the stop 
mode 
cannot 
be released. 


Fig. 
19 shows 
a flowchart 
for 
the 
stop 
function. 
Fig. 
20 


shows 
a timing 
chart 
of 
return 
to 
the 
operation 
mode 
from 


the stop 
mode. 


For 
releasing 
from 
the 
stop 
mode 
by an interrupt, 
oscilla- 


tion 
starts 
upon 
input 
of the 
interrupt 
and, 
after 
the 
internal 


delay 
time 
for stabilized 
oscillation, 
the CPU becomes 
active. 


For 
restarting 
by 
RES, 
oscillation 
starts 
when 
the 
RES 
goes 
"0" 
and 
the CPU 
restarts 
when 
the 
RES 
goes" 
I". 
The dura- 


tion 
of 
RES="O" 
must 
exceed 
tose 
to assure 
stabilized 
oscil- 


lation. 


• Standby Mode 
The 
MCU 
enters 
into 
the 
standby 
mode 
when 
the 
STBY 


terminal 
goes 
"Low". 
In 
this 
mode, 
all operations 
stop 
and 


the 
internal 
condition 
is reset but 
the contents 
of the RAM are 


hold. 
The 
I/O 
terminals 
turn 
to 
high-impedance 
state. 
The 
standby 
mode 
should 
escape 
by 
bringing 
STBY 
"High". 
The 
CPU 
must 
be 
restarted 
by 
reset. 
The 
timing 
of input 
signals 


at the RES and STBY 
terminals 
is shown 
in Fig. 
2 I. 


Table 
4 lists 
the 
status 
of 
each 
parts 
of the 
MCU in each 


low power 
dissipation 
modes. 
Transitions 
between 
each 
mode 


are shown 
in Fig. 22. 


(Note) 


When 
I bit 
of 
condition 
code 
register 
is "I" 
and 
interrupt 


(INT, 
T1MER/INT" 
SCI/T1MER,) 
is 
held, 
MCU 
does 
not 


enter 
WAIT 
mode 
by 
the 
execu tion 
of 
WAIT 
instruction. 


In 
that 
case, 
after 
the 
4 dummy 
cycles 
MCU 
executes 
the 


next 
instruction. 


In the 
same 
way, 
when 
external 
interrupts 
(INT, 
INT,) 
are 


held 
at 
the 
bit 
I set, 
MCU 
does 
not 
enter 
STOP 
mode 
by the 
execution 
of STOP instruction. 
In that 
case, also, MCU executes 


the next 
instruction 
after 
the 4 dummy 
cycles. 
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Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU. TIMER. 
SCI. 


I/O and All 
Other Functions 


Fetch 
Instruction 


Load PC from 
Interrupt 
Vector 
Addresses 
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Oscillator and 
All Clocks Stop. 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 


Addresses 
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Oscillator~ 


oscillator~ 


E~ 


I 


STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized (toscl 


i 
i 
i 'J 
I 
I 
I 
I 


I 
I 
I 
I 
1 
I 
I 
I 
I 
, 
I 
, 
'-_"__'-u 


Condition 


Mode 
Start 
Oscil· 
Timer, 
I/O 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT 
in· 
STBY, RES, INT, INT" 


WAIT 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft· 
struction 
TIMER, 
TIMER" 
SCI 
- 
ware 
STOP 
STOP in· 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY, RES, INT, INT, 
struction 


Stand· 
Hard· 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im· 
STBY="High" 
by 
ware 
pedance 
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Figure 22 
Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 


-BIT MANIPULATION 


The HD630SXO MCV can use a single instruction 
(BSET 


or BCLR) to set or clear one bit of the RAM or an I/O port 
(except 
the write-only 
registers such as the data direction 


register). 
Every bit of memory or I/O within page 0 ($00 - 


$FF) 
can be tested by the BRSET or BRCLR instruction; 


depending on the result of the test, the program can branch to 
reqUired destinations. 
Since bits in the RAM, or I/O can be 


manipulated, 
the user may use a bit within the RAM as a flag 


or handle a single I/O bit as an independent 
I/O terminal. 


Fig. 23 shows an example of bit manipulation and the validity 
of test instructions. 
In the example, the program is configured 


assuming that bit 0 of port A is connected 
to a zero cross 


detector circuit and bit I of the same port to the trigger of a 
triac. 


The program shown can activate the triac within a time of 


lOllS from zero-crossing through the use of only 7 bytes on 
the 
ROM. 
The on-chip timer provides a required 
time of 


delay and pulse width modulation of power is also poSSible. 


SE LF 
1. 
BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 
BCLR 1, PORT A 


-ADDRESSING 
MODES 


Ten 
different 
addressing 
modes 
are 
available 
to 
the 


HD6305XO MCV. 


• Immediate 


See Fig. 24. 
The immediate 
addressing 
mode provides 


access to a constant which does not vary dUring execution of 


the program. 


This access requires an instruction 
length of 2 bytes. 
The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 


• Direct 
See Fig. 25. In the direct addressing mode, the address of 
the operand is contained 
in the 2nd byte of the instruction. 


The user can gain direct access to memory up to the lower 
2SSth address. 
All RAM and I/O registers are on page 0 of ad- 


dress space so that the direct addressing mode may be utilized. 


• Extended 
See Fig. 26. The extended addressing is used for referenc- 


ing to all addresses of memory. 
The EA is the contents 
of 
the 
2 bytes that 
follow the operation 
code. 
An extended 
addressing instruction requires a length of 3 bytes. 


• Relative 


See Fig. 27. 
The relative addressing mode is used with 
branch instructions only. 
When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. 
EA = (PC) + 2 + ReI., where ReI. indicates a 
signed 8-bit data following the operation code. 
If no branch 
occurs, ReI. = O. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. 
A branch instruction 
requires a length of 2 bytes. 


• Indexed (No Offset) 


See Fig. 28. 
The indexed addressing mode allows access 


up to the lower 2S5th address of memory. 
In this mode, an 


instruction 
requires 
a length of one byte. 
The EA is the 
contents of the index register. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• Indexed (8-bit Offsetl 
See Fig. 29. 
The EA is the contents 
of the byte follow- 


ing the operation 
code, plus the contents of the index register. 
This mode allows access up to the lower 5II th address of 
memory. 
Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 


• Indexed (16-bit Offsetl 


See Fig. 30. 
The contents 
of the 2 bytes following the 


operation 
code are added to content 
of the index register 


to compute 
the value of EA. 
In this mode, the complete 


memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 


• Bit Set/Clear 
See Fig. 31. This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. The lower 3 bits of the operation code specify the bit to 
be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


I 
Memory 


• Bit Test and Branch 
See Fig. 32. This addressing mode is applied to the BRSET 


and BRCLR instructions 
that can test any bit within page 0 


and can be branched 
in the relative addressing mode. 
The 


byte to be tested is addressed depending on the contents of 
the byte following the operation code. 
Individual bits within 


the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 


long. The value of the test bit is written in the carry bit of the 
condition code register. 


• Implied 
See Fig. 33. 
This mode involves no EA. All information 


needed 
for execution 
of an instruction 
is contained 
in the 


operation 
code. 
Direct 
manipulation 
on the 
accumulator 


and index register is included in the implied addressing mode. 
Other instructions 
such as SWi and RTI are also used in this 


mode. 
All instructions 
used in the implied addressing mode 


should have a length of one byte. 


~ 


I 
:: 


F8 


Index Reg 
I 
Stack POInt 


I 
Prog Count 
os CO 


CCI 


~ 
o 
0 
o 
0 


20 


Index 
Reg 
~I__ 
~ 


Stack 
POint 
I 


Prog Count 


052F 


CC 


:1 
:::::: 
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Memory; 


~ 
: 
: 


PAOG LDA CAT 0409 
C6 
040A 
06 


040B 
E5 


40 


Index Reg 
I 


Stack Point 


I 
Prog Count 


040C 


CC 
I 


EA 


Memory 
04Cl 


~ 


~ 
i 
: 


I 
Index Reg 
I 


Stack POInt 


I 
Prog Count 


04Cl 


CC 


EA 


Memory 
00B8 


, 
, 


PROG LOA X 05'4 
~ 


~ 


Stack POint 


I 


Prog Count 


05F5 


CC 
I 
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TABL 
FCB :: BF 
0089 
SF 
FCB :: 86 
o08A 
86 
FC8 
:: DB 
('108B 
DB 


FCB 
:: CF 
008C 
CF 
s 
, 
, 


CF 
Index 
Reg 
03 
Stack 
POint 
I 


Prog 
Count 


0750 


cc 
I 


, 


~. 
. 


PROG LOA 
TABL X 0692 
06 


0693 
07 


0694 
7E 


TABL 
FCB 
BF 
077E 
SF 
FCB 
86 
o77F 
86 
FCB 
DB 
0780 
DB 
FCe 
CF 
0781 
CF 


DB 


Index Reg 


02 
Stack 
Oint 


I 


Prog 
Count 


0695 


CC 
I 


~ 
, 
, 


A 
I 
Index 
Reg 


I 


Slack 
POlOt 
I 


Prog 
Couni 


0591 


CC 
I 
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PAOG BAClA 
2.POAT 
C PAOG 2 0574 
0575 
0576 


A 
I 
Index Reg 
I 
Stack 
POint 
I 
Prog Count 


0594 


CC 


E5 
Index 
eg 


E5 
Stack 
Oint 


I 


Prog Count 


05B8 


CC 
I 


-INSTRUCTION 
SET 


There are 62 basic instructions 
available to the HD6305XO 


MeV. 
They can be classified into five categories: register/ 
memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 


control. 
The details 
of each instruction 
are described 
in 


Tables 5 through II. 


• Register/Memory Instructions 


Most of these instructions 
use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305XO MCV. 
There is no register operand in the uncon- 


ditional 
jump 
instruction 
(JMP) and the 
subroutine 
jump 


instruction (JSR). 
See Table 5. 


• Read/Modify/Write 
Instructions 


These instructions 
read a memory or register, then modify 


or test its contents, 
and write the modified value into the 


memory 
or register. 
Zero test instruction 
(TST) does not 


write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


• Branch Instructions 
A branch instruction 
branches from the program sequence 
in progress if a particular condition is established. 
See Table 7. 


• Bit Manipulation Instructions 
These instructions 
can be used with any bit located up to 


the lower 255th address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control Instructions 
The control instructions 
control the operation of the MCV 
which is executing a program. 
See Table 9. 


• List of Instructions in Alphabetical Order 
Table 10 lists all -the instructions 
used on the HD6305XO 
MCV in the alphabetical order. 


• Operation Code Map 
Table 11 shows the operation code map for the instructions 


used on the MCV. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
8001ean/ 
Condition 


Operations 
Mnemonic 
Arithmetic 
Cod. 


Immediate 
Direct 
Extended 
(No Offset) 
18-8<1Offset) 
(16-81tOtfsetl 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Load A from Memory 
lOA 
A6 
2 
2 
86 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 
M-A 
·· 


A 
" . 


Load X from 
Memory 
lOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
·· 


A " • 


Store 
A In Memory 
STA 
- - 
B7 
2 
3 
C7 
3 
4 
F7 
1 
4 
E7 
2 
4 
07 
3 
5 
A_M 
·· 


A 
A · 
Store 
X in Memory 
STX 
- - - 
BF 
2 
3 
CF 
3 
4 
FF 
1 
4 
EF 
2 
4 
OF 
3 
5 
X_M 
• • 


A 
A · 
Add Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
A+M-·A 
• , , , 


Add Memory 
and Carry 


to A 
AOC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 , 
3 
E9 
2 
4 
09 
3 
5 
A+M+C 
....•A 
• 


A , , 


Subtract 
Memory 
SUB 
AD 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A-M-A 
• • 


A 
" , 


Subtract 
Memory 
from 


A with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 , 
3 
E2 
2 
4 
02 
3 
5 
A-M-C-A 
·· 


A 
A , 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 , 
3 
E4 
2 
4 
04 
3 
5 
A· 
M-A 
· • " 
A • 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA , 
3 
EA 
2 
4 
OA 
3 
5 
A+M-A 
• • 


A 
A • 
Exclusive OR Memory 


with A 
EOR 
AB 
2 
2 
BB 
2 
3 
C8 
3 
4 
F8 , 
3 
E8 
2 
4 
08 
3 
5 
A±JM ....•A 
·· 


A , · 
Arithmetic 
Compare 
A 


with 
Memory 
CMP 
Al 
2 
2 
81 
2 
3 
Cl 
3 
4 
Fl 
1 
3 
El 
2 
4 
01 
3 
5 
A-M 
·· 


A 
A , 


Arithmetic 
Compare 
X 


with 
Memory 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
X-M 
· • 


A , , 


Bit Test Memory 
wIth 


A (LogIcal 
Compare) 
BIT 
A5 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A,M 
·· 


A , · 
Jump 
Unconditional 
JMP 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 
• • • • • 


Jump 
to Subroutine 
JSR 
BO 
2 
5 
CD 
3 
6 
FO 
1 
5 
ED 
2 
5 
DO 
3 
6 
··..· 
Symbols: 
Op = Operation 
# 
: Number 
of bytes 


- 
= Number 
of cycles 


Addressing 
Modes 


Indexed 
Indexed 
Condition 


Operations 
Mnemonic 
Boolean/Arithmetic 
Operation 
Code 


Imphed(AI 
Implled(X) 
Direct 
(No Offset) 
18·Blt Offset) 


OP • 
- 
OP • 
- 
OP . - 
OP • 
- 
OP . - 
H 
I 
N 
Z 
C 


Increment 
INC 
4C , 
2 
5C , 
2 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 
A+ 
1 -A 
or X+l-X 
or M+l 
....•M ·· 


, , • 


Decrement 
OEC 
4A , 
2 
5A , 
2 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 
A-1-A 
or X-l 
....•X or M-l-oM 
• • , 
A • 


Clear 
ClR 
4F , 
2 
5F 
1 
2 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 
CO-A 
or OO-X 
or OO-M 
• • 
0 , • 


Complement 
COM 
43 
1 
2 
53 , 
2 
33 
2 
5 
73 
1 
5 
63 
2 
6 
A --A 
or X ....•X or M ....•M 
·· 


A , 
1 


Negate 
OO-A 
....•A or OO-X 
....•X 


(2's 
Complement) 
NEG 
40 
1 
2 
50 , 
2 
30 
2 
5 
70 
1 
5 
60 
2 
6 
ot OO-M-M 
·· 


A , 
A 


Rotate 
Left Thru 
Carry 
ROl 
49 
1 
2 
59 
1 
2 
39 
2 
5 
79 , 
5 
69 
2 
6 L5t 


A Ot x 0"'. 
b0f] ·· , 
" 
I I I I I I I 


Rotate 
RIght 
Thru Carry 
ROR 
46 , 
2 
56 
1 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 
~b' 
H+:'" 
'of] 
• • 


A 
A 
A 


C 
I 
I 


c 
b, 
bo 
Logical 
Shift 
Left 
lSl 
48 
1 
2 
58 
1 
2 
38 
2 
5 
78 
1 
5 
68 
2 
6 
[}-1 I ~~:xHI I t-0 • • , 
A , 


2 
54 
1 
2 
34 
2 
5 
74 
1 
5 
b, 
00 
c 
Logical 
Shift 
Right 
lSR 
44 
1 
64 
2 
6 
o--j I H·~o.:..lI 1-0 ·· 


0 
A 


ArIthmetic 
Shift 
Right 
ASR 
Gb' 
bo 
C 
, 
47 
1 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
H+: •.I I 1--0 • • , 
A 
I 


Arithmetic 
Shift 
Left 
ASl 
48 
1 
2 
58 
1 
2 
38 
2 
5 
78 , 
5 
68 
2 
6 
Equal to LSL 
• • 


A 
A 
A 


Test for 
Negative 


or Zero 
TST 
40 
1 
2 
50 
1 
2 
3D 
2 
4 
70 
1 
4 
60 
2 
5 
A-OO 
or X-DO 
or M-OO 
• · 


A 
A • 


Symbols: 
Op 
= Operation 
# 
= Number 
of bytes 


- 
z: Number 
of cvcles 
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Addressing 
Modes 


Condition 
Code 
Operations 
Mnemonic 
Relative 
Branch Test 


OP 
:II 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 


Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 


Branch 
IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 


Branch 
IF Lower 
or Same 
BLS 
23 
2 
3 
C+Z=1 
• • • • • 


Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 


(Branch IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=1 
• • • • • 


(Branch 
IF Lower) 
(BLO) 
25 
2 
3 
C=1 
• • • • • 


Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 
Branch 
IF Equal 
BEQ 
27 
2 
3 
Z=1 
• • • • • 


Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 


Branch 
IF Half 
Carry 
Set 
BHCS 
29 
2 
3 
H=1 
• • • • • 


Branch 
IF Plus 
BPL 
2A 
2 
3 
N=O 
• • • • • 


Branch 
IF Minus' 
BMI 
2B 
2 
3 
N=1 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 


Branch 
IF Interrupt 
Line 


is Low 
BIL 
2E 
2 
3 
INT=O 
• • • • • 


Branch 
IF Interrupt 
Line 


is High 
BIH 
2F 
2 
3 
INT=1 
• • • • • 


Branch 
to 
Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: 
Op = Operation 
# 
:::Number 
of bytes 


-- 
:::Number 
of cycles 


Addressing 
Modes 
Boolean/ 
Condition 
Code 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Testand Branch Arithmetic 
Branch 


Test 
OP 
II 
- 
OP 
II 
- 
Operation 
H 
I 
N 
Z 
C 


Branch 
IF Bit n is set 
BRSET n(n=O 
7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=1 
• • • • 
1\ 


Branch 
IF Bit n is clear 
BRCLR n(n-0 
.. ·7) 
- 
- 
- 
01 +2·n 
3 
5 
- 
Mn=O 
• • • • 
1\ 


Set Bit n 
BSET n(n=0 
.. ·71 
10+2·n 
2 
5 
- 
- 
- 
1-Mn 
- 
• • • • • 


Clear Bit n 
BCLR n(n=0 
.. ·7) 
11 +2·n 
2 
5 
- 
- 
- 
O-Mn 
- 
• • • • • 


Symbols: 
Op::: Operation 
# 
'" Number 
of bytes 


..... :::Number 
of cycles 
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Addressing Modes 


Operations 
Mnemonic 
Implied 
Boolean Operation 
Condition 
Code 


OP 
# 
- 
H 
I 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A-X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X-A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
1-C 
• • • • 
1 
Clear Carry Bit 
CLC 
9B 
1 
1 
O-C 
• • • • 
0 
Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 
1-1 
• 
1 • • • 
Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 
0-1 
• 
0 • • • 
Software 
Interrupt 
SWI 
83 
1 
10 
• 
1 • • • 


Return from 
Subroutine 
RTS 
81 
1 
5 
• • • • • 
Return from 
Interrupt 
RTI 
80 
1 
8 
? 
? 
? 
? 
? 
Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF-SP 
• • • • • 


No-Operation 
NOP 
90 
1 
1 
Advance Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
OAA 
80 
1 
2 
Converts 
binary add of BCD charcters 
Into 
• • 
1\ 
1\ 
1\* 
BCD 
format 


Stop 
STOP 
8E 
1 
4 
• • • • • 


Wait 
WAIT 
8F 
1 
4 
• • • • • 


Symbols: Op - Operation 


# 
••Number of bytes 


- 
- Number of cycles 


Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Setl 
Test & 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
(8-8it) 
(16-8itl 
Clear 
Branch 
H 
I 
N 
Z 
C 
ADC 
X 
X 
X 
X 
X 
X 
1\ • 


1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 
1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 


ASL 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


ASR 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


8CC 
X 
• • • • • 


8CLR 
X 
• • • • • 


8CS 
X 
• • • • • 
8Ea 
X 
• • • • • 
8HCC 
X 
• • • • • 


8HCS 
X 
• • • • • 


BHI 
X 
• • • • • 
(BHS) 
X 
• • • • • 


BIH 
X 
• • • • • 


BIL 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
(BLOI 
X 
• • • • • 
BLS 
X 
• • • • • 


BMC 
X 
• • • • • 


BMI 
X 
• • • • • 


BMS 
X 
• • • • • 
BNE 
X 
• • • • • 
BPL 
X 
• • • • • 
BRA 
X 
• • • • • 


Condition Code Symbols: 
H 
Half Carry (From Bit 3) 
I 
Interrupt Mask 
N 
Negative (Sign Bit) 
Z 
Zero 


Carry 'Borrow 
Test and Set if True. Cleared Otherwise 
Not Affected 
load 
CC Register From Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8-8it) 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 


BRClR 
X 
• • • • 
1\ 


BRSET 
X 
• • • • 
1\ 


BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


ClC 
X 
• • • • 
0 


Cli 
X 
• 
0 • • • 


ClR 
X 
X 
X 
X 
• • 
0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


COM 
X 
X 
X 
X 
• • 
1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


OAA 
x 
• • 
1\ 
1\ 
1\ 


OEC 
X 
X 
X 
X 
• • 
1\ 
1\ • 


EOR 
X 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


INC 
x 
x 
x 
x 
• • 
.\ 
1\ • 


JMP 
x 
x 
x 
x 
x 
• • • • • 


JSR 
x 
x 
x 
x 
x 
• • • • • 


lOA 
x 
X 
x 
x 
x 
x 
• • 
1\ 
1\ • 


lOX 
x 
x 
x 
x 
x 
X 
• • 
1\ 
1\ • 


lSl 
x 
x 
X 
x 
• • 
1\ 
1\ 
1\ 


lSR 
x 
x 
x 
x 
• • 
0 
1\ 
1\ 


NEG 
x 
x 
x 
x 
• • 
r 
r 
1\ 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
X 
x 
• • 
1\ 
1\ • 


ROl 
X 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ROR 
X 
X 
x 
x 
• • 
1\ 
1\ 
1\ 


RSP 
x 
• • • • • 


RTI 
x 
? 
? 
? 
? 
? 


RTS 
X 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
r 
1\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 


STA 
x 
x 
x 
x 
x 
• • 
1\ 
t. • 


STOP 
x 
• • • • • 


STX 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SWI 
x 
• 
1 • • • 


TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 
1\ 
t. • 


TXA 
x 
• • • • • 


WAIT 
x 
• • • • • 


Condition 
Code Symbols: 
H 
Half 
Carry 
(From 
Bit 3) 


I 
Interrupt 
Mask 
N 
Negat,ve 
(Sign 
Bit) 


Z 
Zero 


Carry 
Borrow 


Test and Set if True, 
Cleared 
Otherwise 


Not Affected 


load 
CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/Modify 
!Write 
Control 
Register 
/Memory 


Test 
& 
Set 


Branch 
Clear 
Rei 
DIR 
A 
X 
,X1 
,XO 
IMP 
IMP 
IMM 
DIR 
EXT 
,X2 
,X1 
,XO 


0 
1 
2 
3 
4 
5 
6 
7 
B 
9 
A 
B 
C 
D 
E 
F 
~H 
0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRClRO 
BClRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSET1 
BSH1 
BHI 
- 
- 
'- 
SBC 
2 


3 
BRClR1 
BClR1 
BlS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
lSR 
- 
- 
AND 
4 


5 
BRClR2 
BClR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
lDA 
6 


7 
BRClR3 
BClR3 
BEQ 
ASR 
- 
TAX' 
-I 
STA 
1 STAt+l) 7 


8 
BRSET4 
BSET4 
BHCC 
lSl/ASl 
- 
ClC 
EOR 
8 
9 
BRClR4 
BClR4 
BHCS 
ROl 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPl 
DEC 
- 
ClI" 
ORA 
A 


B 
BRClR5 
BClR5 
BMI 
- 
- 
SEI" 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP' 
-- 
JMP(-1) 
C 


D 
BRClR6 
BClR6 
BMS 
TS1I-1) 
TST 
TST(-1) 
DAN 
NOP 
BSW 
JSR(+2) 
JSR(+1) 
JSRI+2) D 


E 
BRSET7 
BSET7 
Bil 
- 
STOP' 
- 
lDX 
E 


F 
BRClR7 
BClR7 
BIH 
ClR 
WAIT' TXA' 
- 
STX 
STXI+l) F 


3/5 
2/5 
2/3 
2/5 
1/2 
1 1/2 
1 2/6 
1 1 5 
1!" 
1/1 
2/2 
2/3 
3/4 
3/5 
2/4 
1/3 


(NOTES) 
1. 
"-" 
is an undefined 
operation 
code. 


2. 
The lowermost 
numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycles). 


The number of cycles for the mnemonics asterisked (-) is as follows: 


RTI 
8 
TAX 
2 


RTS 
5 
RSP 
2 


SWI 
10 
TXA 
2 


DAA 
2 
BSR 
5 


STOP 
4 
ell 
2 


WAIT 
4 
SEI 
2 


3. 
The parenthesized 
numbers 
must be added 
to the cycle count 
of the particular 
instruction. 


• 
Additional 
Instructions 
The following 
new instructions 
are used on the HD6305XO: 


DAA 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code. 


WAIT 
Causes 
the 
MCV to enter 
the wait 
mode. 
For this mode, 


see the topic, 
Wait Mode. 
STOP 
Causes 
the'MCV 
to enter 
the stop 
mode. 
For this mode, 


see the topic, 
Stop 
Mode. 
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HD6305X1 ,HD63A05X1 
,HD63B05X1 
HD6305X2, HD63A05X2, HD63B05X2 
CMOS MCU {Microcomputer Unit} 


The HD6305Xl 
and the HD6305X2 
are memory expanda- 


ble versions of the HD6305XO, which is CMOS g-bit single chip 
microcomputer. 
A CPU, a clock generator, a 12g-byte RAM, 


I/O terminals, two timers and a serial communication 
interface 


(SCI) are built in both chip of the HD6305XI 
and the H D 


6305X2. 
Their memory 
spaces are expandable 
to 16k bytes 
externally. 


The HD6305XI 
and the HD6305X2 have the same functions 


as the HD6305XO's except for the number of I/O terminals. 
The HD6305X 1 has a 4k byte ROM and its memory space is 
expandable to 12k bytes externally. The HD6305X2 is a micro- 
computer 
unit which includes no ROM and its memory space 


is expandable to 16k bytes externally. 


• HARDWARE FEATURES 


• 8-bit based MCU 
• 4k-bytes of internal ROM (HD6305X 1) 


No internal ROM (HD6305X2) 


• 128-bytes of RAM 
• A total of 31 terminals, including 24 I/O's, 7 inputs 
_Two 
timers 


- 
8-bit timer with a 7·bit prescaler (programmable prescaler; 
event counter) 
15-bit timer (commonly 
used with the SCI clock divider) 


.On-ehip serial interface circuit (synchronized with clock) 
• Six interrupts 
(two external, 
two timer, one serial and one 


software) 
• Low power dissipation modes 


- 
Wait .... 
In this mode, the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt 
func- 
tion is operatable. 


Stop. 
.. 
In this mode, the clock stops but the RAM 
data, I/O status and registers are held. 


- 
Standby. 
In this mode, the clock stops, the RAM data 
is held, and 
the 
other 
internal 
condition 
is 
reset. 


• Minimum instruction cycle time 


HD6305Xl/X2 
.. 
IllS 
(f = 1 MHz) 


- 
HD63A05Xl/X2 
.. 
0.6711S 
(f = 1.5 MHz) 


- 
HD63B05X 1/X2 .. 
0.511S (f = 2 MHz) 


• Wide operating range 


VCC = 3 to 6V (f = 0.1 to 0.5 MHz) 
HD6305Xl/X2 
f = 0.1 to 1 MHz (VCC = 5V ± 100,(,) 


HD63A05Xl/X2 
.. 
f = 0.1 to 1.5 MHz (VCC = 5V ± 100,(,) 


HD63B05Xl/X2 
.. 
f = 0.1 to 2 MHz (VCC = 5V ± 100,(,) 


.System 
development 
fully supported 
by an evaluation kit 


HD6305X1P, HD63A05X1P, 
HD63B05X1P, HD6305X2P, 
HD63A05X2P, HD63B05X2P 


HD6305Xl F, HD63A05Xl F, 
HD63B05X1F, HD6305X2F, 
HD63A05X2F, HD63B05X2F 


• SOFTWARE FEATURES 
.Similar to HD6800 
• Byte efficient instruction set 
• Powerful bit manipulation 
instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all I/O termi- 
nals) 
• A variety of interrupt operations 
• Index addressing mode useful for table processing 
• A variety of conditional branch instructions 
• Ten powerful addressing modes 
• All addressing modes adaptable to RAM, and I/O instructions 
• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 


• Instructions 
that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 
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• PIN ARRANGEMENT 
• 
HD6305X1P. 
HD63A05X1P. 
HD63B05X1P. 
HD6305X2P, 


HD63A05X2P, 
HD63B05X2P 


• 
HD6305X1F, 
HD63A05X1F, 
HD63B05X1F, 
HD6305X2F 
• 


HD63A05X2F. 
HD63B05X2F 


Vss 
0 
DATAo 


RES 
DATA, 


INT 
DATA, 


STBY 
DATA, 


XTAL 
DATA. 


EXTAL 
DATA' 


NUM 
DATA' 


TIMER 
DATA, 


A, 
E 


A, 
R/W 


A, 
AORu 


A.. 
AORll 


A] 
AORlI 


A, 
ADR,o 


A, 
ADA, 


Ao 
ADR, 


B, 
ADR, 


B, 
ADR, 


B, 
ADR, 


B. 
ADR. 


B, 
ADR, 


B, 
AOR, 


B, 
ADR, 


Bo 
ADRo 


CdT. 
0, 


C,/R. 
O./iNi'; 


C,ICK 
0, 


C. 
D. 


C, 
0, 


C, 
0, 


C, 
0, 


Co -'- 
r- Vee 


0, 
ot/oo, 
o. 
O. 
Port 0 


0> 
Input 
g: 
Terminals 


Condition 
Code 
Register 


CC 


Stack 
Pointer 
SI' 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee 
-0.3-+7.0 
V 


Input Voltage 
Vin 
-0.3 - Vee + 0.3 
V 


Operating Temperature 
Topr 
0- 
+70 
°c 


Storage Temperature 
Tstg 
-55":+150 
°c 


[NOTE] 
These 
products 
have a protection 
circuit 
in their 
input 
terminals 
against 
high electrostatic 
voltage 
or high electric 
fields. 
Notwithstanding, 


be careful not to apply any voltage higher than the absolute maximum 
rating to these high input impedance circuits. 
To assure normal 


operation, 
we recommended 
Vin. Vout; 
Vss 
~ (Vin or Vout) 
~ Vcc. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc = 5.0V±10%, Vss = GND, Ta = 0 - +70°C, unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES,STBY 
Vee-0.5 
- 
Vee+0.3 


Input "High" Voltage 
EXTAl 
V,H 
VeexO.7 
- 
Vee+0.3 
V 


Other Inputs 
2.0 
- 
Vee+0.3 


Input "low" 
Voltage 
All Inputs 
V'L 
-0.3 
- 
0.8 
V 


IOH 
-2001lA 
2.4 


Output "High" Voltage 
All Outputs 
VOH 
V 
IOH= -101lA 
Vee-0.7 
- 
- 
Output "low" 
Voltage 
All Outputs 
VOL 
IOL= 1.6mA 
- 
- 
0.55 
V 


Input leakage Current 
TIMER,INT, 
Il,d 
- 
- 
1.0 
IlA 
D, - D" STBY 


AD- A" 80 - 
B" 
Vin = 0.5 - Vee-0.5 


Three-state Current 
Co - C" ADRo - ADRI3", 
IITS'! 
- 
- 
1.0 
IlA 


DATAo- DATA7, E",RIW" 
Operating 
- 
5 
10 
mA 


Current Dissipation"" 
Wait 
f = lMHz""" 
- 
2 
5 
mA 


Ice 
Stop 
- 
2 
10 
IlA 


Standby 
- 
2 
10 
IlA 


Input Capacitance 
All Terminals 
Cin 
f= lMHz, Vin = OV 
- 
- 
12 
pF 


• Only 
at standby 


•• 
VIH 
min;: 
Vcc-1.OV. 
VIL 
max'" 
O.BV 


••• 
The value at f 
s xMHz 
is given by using 


'ce If· xMHzl = Ice (f = lMHz)x x 


Item 
Test 
HD6305X 1/X2 
HD63A05Xl/X2 
HD63B05Xl/X2 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 
Cycle Time 
tcyc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
IlS 
Enable Rise Time 
tEr 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 


Enable Fall Time 
tEl 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 


Enable Pulse Width("High" 
level) 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
Enable Pulse Width("low" 
level) 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address Delay Time 
tAD 
Fig. 1 
- 
- 
250 
- 
- 
190 
- 
- 
180 
ns 


Address Hold Time 
tAH 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 
Data Delay Time 
tow 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Hold Time (Write) 
tHW 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 


Data Set·up Time (Read) 
toSR 
80 
- 
- 
60 
- 
- 
50 
- 
- 
ns 


Data Hold Time (Read) 
tHR 
0 
- 
- 
0 
- 
- 
C 
- 
- 
ns 
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Test 
HD6305Xl/X2 
HD63A05Xl/X2 
H D63B05X 
1/X2 
Item 
Symbol 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Port Data Set·up Time 
tpDS 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
(Port A, B, C, D) 


Port Data Hold Time 


Fig.2 


(Port A, B, C, D) 
tpOH 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Port Data Delay Time 
tpow 
. Fig. 3 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
(Port A, B, C) 


Item 
Symbol 
Test 
HD6305Xl/X2 
HD63A05Xl/X2 
HD63B05Xl/X2 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


INTPulse 
Width 
t'WL 
tcyc 
- 
- 
tcyc 
- 
- 
tcyc 
- 
- 
ns· 
+250 
+200 
+200 


INT, 
Pulse Width 
t,wL2 
tcyc 
- 
- 


tcyC 
- 
- 
tcyc 
ns 
+250 
+200 
+200 
- 
- 


RES Pulse Width 
tAWL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tCyc 


Control 
Set-up Time 
tes 
Fig.5 
250 
- 
- 
250 
- 
- 
250 
- 
- 
ns 


Timer 
Pulse Width 
tTWL 
tcyc 
- 
- 
tcyc 
- 
- 
tcyc 
- 
- 
ns 
+250 
+200 
+200 


Oscillation 
Start Time 
(Crystal) 
tose 
Fig.5,Fig.20· 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 


Reset Delay Time 
tAHL 
Fig. 19 
80 
- 
- 
80 
- 
- 
80 
- 
- 
ms 


Test 
HD6305Xl/X2 
HD63A05X 
1/X2 
HD63BC5Xl/X2 
Item 
Symbol 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock Cycle 
tScye 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
JJS 


Data Output 
Delay Time 
tTXO 
Fig.6, 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set-up Time 
tSRX 
Fig.7 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Data Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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MCU Write 


DATAo 
- 
DATA7 


MCU Read 


DATAo 
- 
DATA7 


Port 


A,B,C,D 


Figure 2 
Port Data Set·up and Hold Times 
(MCU 
Read) 


2.4V 


O.6V 


\=V-tPDW~ 


Port 
A.B,C 


2.4V 
Data 
O.6V 
Valid 


Vector 
Vector 
First Inst. 
of 


~dSd~ess~~:ress Interrupt 
Routine 
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:=:~toser 


~ 
Vcc-05V 


~;------- 


--fII/I/!I///I~ 
lFFF 
~~lFFF 


R/W 
Yl!!l!IJJll._ 
';~-JIIIlllllllIll 


Data 
Bus 
~~'---------<I!>----<>-----f/IIJII////J;}-- 


Data 
Output 


C7/TX 


Clock 
Output 


Cs/CK 


Data 
Input 


Cs/RX 


2.OV 


08V 


2.OV 


O.8V 


Clock 
Input 


Cs/CK 


Data 
Output 


C7/TX 


2.4V 


O.6V 


Data 
Input 


Cs/RX 


2.OV 


O.8V 
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TTL 
Load 
(Port) 


Test point 
terminal 


I NOTES 
1 
1. 
The 
load 
capacitance 
includes 
stray 
capacitance 
caused 


by the probe. etc. 
2. 
All diodes are 152074 ®. 


- DESCRIPTION 
OF TERMINAL 
FUNCTIONS 


The 
input 
and 
output 
signals 
of 
the 
MCU 
are 
described 


here. 


evcc, Vss 


Voltage 
is applied 
to the MCU through 
these 
two 
terminals. 
Vcc 
is 5.0V 
± 10%, while 
Vss 
is grounded. 


oiNT, 
INT, 
External 
interrupt· 
request 
inputs 
to the 
MCU. 
For 
details, 
rcfcr 
to 
"INTERRUPT". 
Thc 
INT, 
tcrminal 
is also 
uscd 
as 
the port 
06 
terminal. 


oXTAL, 
EXTAL 


These 
terminals 
provide 
input 
to the 
on-chip 
clock 
circuit. 


A 
crystal 
oscillator 
(AT 
cut. 
2.0 
to 
8.0 
MHz) 
or 
ceramic 
mter 
is 
connected 
to 
the 
terminal. 
Refer 
to 
"INTERNAL 
OSCILLATOR" 
for using these 
input 
terminals. 


oTiMER 


This 
is 
an 
input 
terminal 
for 
event 
counter. 
Refer 
to 


"TIMER" 
for details. 


oRES 


Used to reset 
the MCU. 
Refer 
to "RESET" 
for details. 


oNUM 


This 
terminal 
is not 
for 
user 
application. 
In case 
of 
the 


HD6305X 
I, 
this 
terminal 
should 
be 
connected 
to 
V cc 


through 
10kn 
resistance. 
In 
case 
of 
the 
HD6305X2. 
this 
terminal 
should 
bc connected 
to VSS' 


o Enable 
(E) 
This 
output 
terminal 
supplies 
E clock. 
Output 
is a single· 


phase, 
TTL 
compatible 
and 
1/4 
crystal 
oscillation 
frequency 


or 
1/4 
external 
clock 
frequency. 
It can 
drive 
one TTL 
load 


and a 90pF 
condenser. 


o Data 
Bus (DATAo 
- 
DATA,) 


This 
TTL 
compatible 
three-state 
buffer 
can drive 
one 
TTL 
load and 90pF. 


o Address 
Bus (ADRo 
- 
ADR 
13) 


Each 
terminal 
is TTL 
compatible 
and 
can 
drive 
one 
TTL 
load and 90pF. 


o Input/Output 
Terminals 
(Ao - 
A" 
Bo - 
B" 
Co - 
C,) 


These 
24 terrninals 
consist 
of three 
8-bit 
I/O ports 
(A. B, C). 


Each 
of 
them 
can be used 
as an input 
or output 
terminal 
on 
a bit 
through 
program 
con trol 
of 
the data 
direction 
register. 


For details, 
refcr 
to "I/O 
PORTS." 


o Input 
Terminals 
(01 
- 
0,) 


These 
seven 
input-only 
terminals 
are 
TTL 
or CMOS 
com- 


patible. 
Of 
the 
port 
D's, 06 is also 
used 
as INT,. 
If 06 is 


used 
as a port, 
the 
INT, 
interrupt 
mask 
bit of the miscellane- 


ous 
register 
must 
be set to "I" 
to prevent 
an INT, 
interrupt 
from 
being 
accidentally 
accepted. 


oSTBY 


This 
terminal 
is used 
to 
place 
the 
MCU 
into 
the 
standby 


mode. 
With 
STBY 
at 
"Low" 
level, 
the 
oscillation 
stops 
and 
thc 
intcrnal 
condition 
is reset. 
For 
details, 
refer 
to 
"Stand- 


by Mode." 


The 
terminals 
described 
in the 
following 
are 
I/O 
pins 
for 
serial 
communication 
interface 
(SCl). 
They 
are 
also 
used 
as 


ports 
C" 
C6 
and 
C,. 
For 
details, 
refer 
to 
"SERIAL 
COM- 
MUNICATION 
INTERFACE." 


oCK 
(C,) 


Used to input 
or output 
clocks 
for serial operation. 


o Rx (e6) 


Used to receive 
serial data. 


o Tx (C,) 
Used to transmit 
serial data. 


-MEMORY 
MAP 
The 
memory 
map 
of the 
MCU is shown 
in Fig. 9. $1000- 
$1 FFF 
of 
the 
HD6305X2 
are 
external 
addresses. 
However, 


care 
should 
be 
taken 
to 
assign 
vector 
addresses 
to $1 FF6 
- 


S I FFF. 
During 
interrupt 
processing, 
the 
contents 
of the 
CPU 


registers 
are 
saved 
into 
the 
stack 
in the 
sequence 
shown 
in 
Fig. 10. This 
saving begins 
with 
the 
lower 
byte 
(PCL) 
of the 


program 
counter. 
Then 
the 
value 
of 
the 
stack 
pointer 
is 


decremented 
and 
the 
higher 
byte 
(PCH) 
of 
the 
program 


counter, 
index 
register 
(X), 
accumulator 
(A) 
and 
condition 
code 
register 
(CC) 
are 
stacked 
in that 
order. 
In a subroutine 


call. 
only 
the 
contents 
of the program 
counter 
(PCH 
and PCL) 
are stacked. 


o Read/Write 
(R/W) 


This 
TTL 
compatible 
output 
signal 
indicates 
to peripheral 


and 
memory 
devices 
whether 
MCU 
is in Read 
("High"), 
or 


in Writc 
("Low"). 
Thc normal 
standby 
statc 
is Rcad 
("High"). 


Its output 
can drive one TTL load and a 90pF 
condcnscr. 
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0 
$0000 
0 
PORT A 
I o Ports 
1 
PORT B 
Timer 
2 
PORT C 
SCI 
3 
PORT D 
7 
$007F 
8 
RAM 
~0080 
4 
PORT 
A OOR 


(1288ytes) 


~OFF 


5 
PORT 
BOOR 


Stack 
6 
PORT 
C OOR 


5 
Not Used 


6 
$ 
100 
8 
Timer 
Data 
Reg 


External 
\ 


9 
Timer 
CTRl 
Reg 


10 
Misc Reg 


Memory 
Space 


5 
$OFFF 
Not Used 


ti 
ROM' "0\, 


(4,096Bytes) 
--------- 
sel 
CTRl 
Reg 


2 
. I~~~i~~~t' 


$1 FF6 
17 
SCI 
STS 
Reg 
1 
$1 FFF 
18 
sel 
Data 
Reg 


2 
$2000 
Not Used 
31 


External 
32 
External 


Memory 
Space 
12'S 
Memory 
Space 


• Write only re 


3 
$3FFF 
•• 
Read only re 


1 
1 1I, Condition 
Code Register 


Accumulator 


Index Register 


0 01 
PCW 


PCL' 


$00 
$01 
$02 
$03" 
$04' 
$05' 
$06' 


$08 
$09 
$OA 


-REGISTERS 
There are five registers which the programmer can operate. 


7 
0 
I~ 
A 
~IAccumulator 


7 
0 


I 
X 
Iindex 
__________ 
Register 
o 
I 
Program 
Counter 


13 
6 5 
0 
~~---S-P----IStack 


~L. 
--' 
POinter 


Condition 
Code 
Register 


~gg6~ 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


• Accumulator (A) 


This accumulator 
is an ordinary 8-bit register which holds 


operands or the result of aritlunetic operation or data process- 
ing. 


• Index Register (X) 
The index register is an 8-bit register, and is used for index 


addressing 
mode. 
Each of the 
addresses contained 
in the 


register 
consists of 8 bits which, combined 
with an offset 


value, provides an effective address. 


In the case of a read/modify/write 
instruction, 
the index 


register can be used like an accumulator 
to hold operation 
data or the result of operation. 


If not used in the index addressing mode, the register can 


be used to store data temporarily. 


• Program Counter (PC) 
The program counter 
is a 14-bit register that contains the 


address of the next instruction to be executed. 


• Stack Pointer (SP) 
The stack pointer is a 14-bit register that indicates the ad- 


dress of the next 
stacking space. Just after reset, the stack 


pointer 
is set at address $OOFF. It is decremented 
when data 


is pushed, 
and incremented 
when pulled. The upper 8 bits 
of the stack pointer are fixed to 000000 II. During the MCV 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer 
is set to address $OOFF. Since a subroutine 
or 


interrupt 
can use space up to address $OOCI for stacking, the 
subroutine 
can be used up to 31 levels and the interrupt 
up 


to 12 levels. 


• Condition Code Register (CC) 
The condition 
code register is a S-bit register, each bit 
indicating 
the result of the instruction 
just executed. 
The 


bits can be individually tested by conditional 
branch instruc- 
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tions. The CC bits are as follows: 


Half Carry (H): 
Used to indicate 
that 
a carry occurred 
be- 


tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 


Interrupt (I): 
Setting 
this bit causes all interrupts, 
except 


a software 
interrupt, 
to be masked. 
If an 


interrupt 
occurs 
with 
the 
bit 
I set, it is 


latched. 
It 
will be 
processed 
the 
instant 
the interrupt 
mask bit is reset. (More specifi- 


cally, it will enter 
the interrupt 
processing 


routine 
after 
the 
instruction 
following 
the 


CLI has been executed.) 


Negative (N): 
Used to indicate that the result of the most 
recent arithmetic operation, 
logical operation 


or data processing is negative (bit 7 is logic 
"I"). 
Zero (Z): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Carry/ 
Represents 
a carry or borrow that occurred 


Borrow (C): 
in the most recent arithmetic operation. 
This 


bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


-INTERRUPT 
There~e 
six different 
types of interrupt: 
extemal.inter- 


rupts 
(INT,. 
INT2), 
internal 
timer 
interrupts 
(TIMER, 
TIMER2), senal interrupt 
(SCI) and interrupt 
by an instruc- 


tion (SWI). 


1-1 
$FF-SP 
O-DDR·s 


CLR INT Logic 
$FF-TDR 
$7F- 
Timer 
Prescaler 
$50-TCR 
$3F-SSR 
$OO-SCR 
$7F-.MR 


Of these six interrupts, 
the INT2 and TIMER or the SCI 


and TIMER2 generate the same vector address, respectively. 


When an interrupt 
occurs, the program in progress stops 


and the then CPU status is saved onto the stack. 
And then, 


the interrupt 
mask bit (I) of the condition 
code register is 


set and the start address of the interrupt 
processing routine 


is obtained 
from a particular interrupt 
vector address. Then 


the interrupt 
routine 
starts from the start address. 
System 


can exit from the interrupt 
routine by an RTI instruction. 
When this instruction 
is executed, 
the CPU status before 


the interrupt 
(saved onto 
the stack) is pulled and the CPU 


restarts the sequence with the instruction 
next to the one at 


which the interrupt 
occurred. 
Table 
I lists the priority 
of 


interrupts and their vector addresses. 


Interrupt 
Priority 
Vector Address 


RES 
1 
$IFFE, 
$IFFF 


SWI 
2 
$IFFC, 
$IFFD 


INT 
3 
$lFFA. 
$IFFB 


T1MER/INT2 
4 
$1 FFB. 
$IFF9 


SCI/TIMER2 
5 
$lFF6, 
$IFF7 


A flowchart of the interrupt 
sequence is shown in Fig. 12. 
A block diagram of the interrupt 
request source is shown in 
Fig. 13. 


Figure 12 
Interrupt Flow Chart 
@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


In the block diagram, both the external interrupts INT and 


INT2 are edge trigger inputs. 
At the falling edge of each input, 
an interrupt 
request is generated and latched. 
The INT inter- 


rupt request 
is automatically 
cleared if jumping is made to 


the INT processing routine. 
Meanwhile, the INT2 request is 


cleared if "0" is written in bit 7 of the miscellaneous register. 


For 
the 
external 
interrupts 
(INT, INT2), internal 
timer 


interrupts 
(TIMER, TIMER2) and serial interrupt 
(SCI), each 


interrupt 
request is held, but not processed, if the I bit of the 


condition 
code register is set. 
Immediately 
after the I bit is 


cleared, the corresponding 
interrupt 
processing starts accord- 


ing to th~...£.I:!0rity. 
The INT2 interrupt 
can be masked by setting bit 6 of the 


miscellaneous register; the TIMER interrupt 
by setting bit 6 


of the timer control register; the SCI interrupt 
by setting bit 


5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the serial status register. 


The status of the INT terminal can be tested by a BIL or 


BIH instruction. 
The INT falling edge detector 
circuit and 


its latching circuit are independent 
of testing by these instruc· 


tions. This is also true with the status of the INT> terminal. 


• Miscellaneous 
Register 
(MR; $OOOA) 


The interrupt 
vector 
address 
for the 
external 
interrupt 


INT> is the same as that for the TIMER interrupt, 
as shown 


in Table I. 
For this reason, a special register called the miscel- 


laneous 
register 
(MR; 
$OOOA) is available to control 
the 


INT2 interrupts. 


I 
Falling Edge Detector 
I 


Bit 7 of this register is the INT2 interrupt 
request flag. 


When the falling edge is detected 
at the INT2 tenninal, 
"I" 


is set in bit 7. 
Then the software in the interrupt 
routine 


(vector 
addresses: $IFF8, 
$IFF9) 
checks bit 7 to see if it 


is INT2 interrupt. 
Bit 7 can be reset by software. 


Miscellaneous Register (MR;$OOOA) 


76543210 


~ 


~ 
::terrupt 
Mask 
----- 
.. 
INT'2 
Interrupt 
Request 
Flag 


Bit 6 is the INT2 interrupt 
mask bit. 
If this bit is set to "I", 


then the INT> interrupt 
is disabled. 
Both read and write are 


possible with bit 7 but "I" 
cannot be written in this bit by 


software. 
This means that an interrupt 
request by software 


is impossible . 


When reset, bit 7 is cleared to "0" and bit 6 is set to "I" 


-TIMER 
Figure 14 shows a MeV timer block diagram. The timer 


data register is loaded by software 
and, upon 
receipt 
of a 


clock 
input, 
begins to count 
down. 
When the timer data 
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register 
(TOR) 
becomes 
"0", 
the 
timer 
interrupt 
request 


bit (bit 7) in the timer control register is set. In response to 
the interrupt 
request, 
the CPU saves its status into 'the stack 


and 
fetches 
timer interrupt 
routine 
address from addresses 


$IFF8 
and $IFF9 
and execute 
the interrupt 
routine. 
The 


timer interrupt 
can be masked by setting the timer interrupt 


mask bit (bit 6) in the timer control 
register. 
The mask bit 


(I) in the condition 
code register can also mask the timer 


interrupt. 


The source clock to the timer can be either an external 


signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). 
If the E signal is used as 


the source, the clock input can be gated by the input to the 
timer input terminal. 


Once the timer count 
has reached "0", it starts counting 


down with "$FF". 
The count 
can be monitored 
whenever 


desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence 
of a timer interrupt, 
without 
disturbing the con- 


tents of the counter. 


When the MCV is reset, both the prescaler and counter are 


initialized 
to 
logic 
"I". 
The timer 
interrupt 
request 
bit 


(bit 7) then is cleared and the timer interrupt 
mask bit (bit 


6) is set. 


To clear tJ:1etimer interrupt 
request bit (bit 7), it is neces- 


sary to write "0" in that bit. 


TCR7 


o 


TCR6 


o 


• Timer Control Register (TeR; $0009) 
Selection 
of a clock source, selection 
of a prescaler fre- 
quency division ratio, and a timer interrupt 
can be controlled 
by the timer control register (TCR; $0009). 


For the selection of a clock source, anyone 
of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L Prescaler division ratio selection 


Prescaler initialize 
---------Clock 
input source 


Timer 
interrupt 
mask 


Timer interrupt 
request 


After reset, the TCR is initialized to "E under timer termi- 
nal control" 
(bit 5 = 0, bit 4 = I). 
If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 


When "I" 
is written in bit 3, the prescaler is initialized, 


This bit always shows "0" when read. 


Table 2 
Clock Source Selection 


TCR 


Bit 4 


Clock input source 


Bit 5 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


(Internal 


Clock) 
E 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, I and 2) of the timer control register (see 
Table 3). There are eight different division ratios: -;-1,-;-2,74, 
-;-8, -;-16,-;-32,-;-64and -;-128. After reset, the TCR is set to the 
-;-1mode. 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler division ratio 


0 
0 
0 
+1 


0 
0 
1 
-;-2 


0 
1 
0 
-;-4 


0 
1 
1 
-;-8 


1 
0 
0 
-;-16 


1 
0 
1 
-;-32 


1 
1 
0 
764 


1 
1 
1 
-;-128 


A timer interrupt 
is enabled when the timer interrupt mask 


bit is "0", and disabled when the bit is "I". 
When a timer 


interrupt 
occurs, "I" 
is set·in the timer interrupt 
request bit. 


This bit can be cleared by writing "0" in that bit. 


-SERIAL 
COMMUNICATION 
INTERFACE 
(SCIl 


This interface is used for serial transmission or reception 


of 8-bit data. 
Sixteen transfer rates are available in the range 


from I /lS to approx. 32 ms (for oscillation at 4 MHz). 


The SCI consists of three registers, one eighth counter and 


one prescaler. (See Fig. 15.) SCI communicates 
with the CPU 


via the data bus, and with the outside world through bits 5, 
6 and 
7 of port C. Described below are the operations 
of 


each register and data transfer. 


_ ru{f--, 
Cs(CK) 
: 
I 
I 
I 
I 
III 


C6IRx) ! 
------. 
I 
C7~ 


IL 
_ 


Transfer 
Clock 
Generator 


• 
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• Data Transmission 
By writing the desired control 
bits into the SCI control 
registers, a transfer 
rate and a source of transfer clock are 


determined 
and bits 7 and 5 of port C are set at the serial 
data output 
terminal 
and the serial clock terminal, 
respec- 
tively. 
The transmit data should be stored from the accumu· 


lator or index register into the SCI data register. 
The data 
written 
in the SCI data 
register is output 
from the C7/Tx 


terminal, 
starting 
with 
the 
LSB, synchronously 
with 
the 


falling edge of the serial clock. (See Fig. 16.) When B bit of 
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SCA6 


o 


SCA5 
SCA4 
Clock source 
Cs terminal 


0 
0 
- 
Used as I/O terminal (by 


0 
1 
- 
DDA). 


1 
0 
Internal 
Clock output (DDA output) 


1 
1 
External 
Clock input (DDA input) 


Bit 7 (SCR7) 


When this bit is set, the DDR corresponding 
to the C7 


becomes "I" 
and this terminal serves for output 
of SCI data. 


After reset, the bit is cleared to "0". 


Bit 6 (SCR6) 
When this' bit is set, the DDR corresponding 
to the C. 


becomes "0" 
and this terminal serves for input of SCI data. 


After reset, the bit is cleared to "0". 


Bits 5 and 4 (SCR5, SCR4) 
These bits are used to select a clock source. 
After reset, 


the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 
These bits are used to select a transfer clock rate. After 


reset, the bits are cleared to "0". 


Transfer clock rate 
SCA3 
SCA2 
SCA1 
SCAO 
4.00 MHz 
4.194MHz 


0 
0 
0 
0 
1 /l.s 
0.95/1.s 


0 
0 
0 
1 
2/1.s 
1.91/1.s 


0 
0 
1 
0 
4/1.s 
3.82/1.s 


0 
0 
1 
1 
8/1.s 
7.64/1.s 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768/1.s 
1/32 s 


esel Data Register (SDR; $0012) 


A serial-paralIel conversion register that is used for transfer 


of data. 


Bit 7 (SSR7) 


Bit 7 is the SCI interrupt 
request bit which is set upon 


completion 
of 
transmitting 
or 
receiving B-bit data. 
It is 
cleared when reset or data is written 
to or read from the 


SCI data register with the SCR5="I". 
The bit can also be 


cleared by writing "0" in it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER, interrupt request bit. 
TIMER, is used 
commonly 
with the serial clock generator, 
and SSR6 is set 


each time the internal 
transfer clock falIs. When reset, the 


bit is cleared. 
It also be cleared by writing "0" in it. (For 
details, see TIMER,.) 


Bit 5 (SSRS) 


Bit 5 is the SCI interrupt 
mask bit which can be set or 
cleared by software. 
When it is "I", 
the SCI interrupt (SSR7) 
is masked. When reset, it is set to "I". 


Bit 4 (SSR4) 
Bit 4 is the TIMER, 
interrupt 
mask bit which can be set 
or cleared by software. 
When the bit is "I", 
the TIMER, 


interrupt (SSR6) is masked. When reset, it is set to "I ". 


Bit 3 (SSR3) 
When "I" 
is written in this bit, the prescaler of the transfer 


clock generator is initialized. 
When read, the bit always is "0". 


Bits 2 - 0 
Not used. 


SSA7 
o 


SCI interrupt request 


Absent 


Present 


SSA6 
o 


TIME A, interrupt request 


Absent 


Present 


SSA5 
o 


1 


SCI interrupt mask 


Enabled 


Disabled 


SSA4 
o 


1 


TIMEA, interrupt mask 


Enabled 


Disabled 


data have been transmitted, 
the interrupt 
request bit is set in 


bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/Tx terminal. If an external clock 
source 
has been 
selected, 
the 
transfer 
rate determined 
by 


bits 0 - 3 of the SCI control register is ignored, and the Cs/ 
CK terminal 
is set as input. 
If the internal clock has been 


selected, the Cs/CK terminal is set as output and clocks are 
output 
at the transfer rate selected by bits 0 - 
3 of the SCI 


control register. 


_ Data Reception 
By writing the desired control 
bits into the SCI control 


register, a transfer rate and a source of transfer clock are de- 
termined 
and bit 6 and 5 of port C are set at the serial data 


input 
terminal 
and 
the 
serial clock terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 


system is ready for receiving data. 
(This procedure 
is not 


needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data. 


The data 
from the C6/Rx 
terminal 
is input 
to the SCI 


data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt 
request bit is set in bit 7 of the SCI 


status register. 
This request can be masked by setting bit 5 


of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored and the data is received synchro- 


nously with the clock from the Cs/CK terminal. 
If the internal 


clock has been selected, the Cs/CK terminal is set as output 
and clocks are output 
at the transfer rate selected by bits 0 - 


3 of the SCI control register. 


-TIMER. 


The SCI transfer clock generator 
can be used as a timer. 


The clock selected by bits 3 - 
0 of the SCI control register 


(4 IJ.S - 
approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status 
register and the TIMER. 
interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt 
requests 
occur periodically, 
TIMER. 
can be used as a 


reload counter or clock. 


CD 
: Transfer clock 
generator is reset and mask bit 
(bit 4 


of sel 
status 
register) 
is clea red. 


(lI,® :TIMER. 
interrupt 
request 


®.® :TIMER2 
interrupt request bit cleared 


TIMER. 
is commonly 
used with the SCI transfer clock 


generator. 
If wanting to use TIMER. 
independently 
of the 


SCI, specify "External" 
(SCRS = I, SCR4 = I) as the SCI 
clock source. 
If "Internal" 
is selected as the clock source, reading or 


writing 
the SDR causes the' prescaler of the transfer clock 


generator to be initialized. 


-I/O 
PORTS 
There are 24 input/output 
terminals (ports A, B, C). Each 


I/O terminal can be selected for either input or output by the 
data 
direction 
register. 
More specifically, 
an I/O port will 


be input if "0" 
is written 
in the data direction register, and 


output 
if "I" 
is written in the data direction register. Port A, 


B or C reads latched data if it has been programmed as output, 
even with the output 
level being fluctuated 
by the output 


load. (See Fig. 17.) 
When reset, the data direction register and data register go 


to "0" and all the input/output 
terminals are used as input. 


Bit of data 
Bit of 
Status of 
Input to 
direction 
output 
register 
data 
output 
CPU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3·state 
Pin 


Seven input-only 
terminals are available (port D). Writing 


to an input terminal is invalid. 
All input/output 
terminals 
and input 
tenninals 
are TTL 


compatible and CMOS compatible in respect of both input and 
output. 


If I/O ports or input ports are not used, they should be 


connected to Vss via resistors. 
With none connected to these 


terminals, 
there is the possibility of power being consumed 


despite that they are not used. 


-RESET 
The MCU can be reset either by external reset input (RES) 


or power-on reset. 
(See Fig. 18.) 
On power up, the reset 


input must be held "Low" for at least tose 
to assure that the 


internal oscillator is stabilized. 
A sufficient time of delay can 


be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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requirement 
for minimum external configurations. 
It can be 


driven by connecting 
a crystal (AT cut 2.0 - 
8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 


Three different terminal connections are shown in Fig. 20. 


Figs. 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 


C, 


~~ 
XTAL~~EXTAL 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=2.0-S.0MHz 
Rs=6OQ max. 


HD6305X 
MCU 


-INTERNAL 
OSCILLATOR 
The 
internal 
oscillator 
circuit 
is designed to 
meet the 


10-S:OMHZ= 


10- 22pf ±20% 


EXTAL 


XTAL 
HD6305X 


MCU 


(NOTE I 
Use as short wirings as possible for connection of the crystal 
with 
the 
EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings to cross others_ 


-LOW POWER DISSIPATION MODE 
The HD6305X 
has three low power dissipation 
modes: 


wait, stop and standby. 


Crystal Oscillator 


CLl 
fc" CO 


EXTAL 


XTAL 
HD6305X 
MCU 


External 
Ceramic Oscillator 


Clock 
Input 
EXTAL 


NC 
XTAL HD6305X 
MCU 


• Wait Mode 
When WAIT instruction 
being executed, 
the MCU enters 


into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions 
- 
the timer and the serial communication 
inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication 
interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals 
hold their condition 
just before entering into the 
wait mode. 


The escape from this mode can be done by interrupt (INT, 


TIMER/INT. 
or SCI/T1MER.), 
RES or STBY. 
The RES 


resets the 
MCU and the STBY brings it into the standby 


mode. (This will be mentioned later.) 


When interrupt 
is requested to the CPU and accepted, the 


wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt 
routine. 
If the interrupt is 


masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. 
If an interrupt 
other than the INT (i.e., 


TIMER/INT. 
or SCI/T1MER.) is masked by the timer control 
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register, miscellaneous 
register or serial status register, there 


is no interrupt 
request' to the CPU, so the wait mode cannot 


be released. 


Fig. 23 shows a flowchart for the wait function. 


• Stop Mode 
When STOP instruction 
being executed, 
MCU enters into 


the stop mode. In this mode, the oscillator stops and the CPU 
and 
peripheral 
functions 
become 
inactive 
but 
the 
RAM, 
registers and I/O terminals 
hold their condition just before 


entering into the stop mode. 


The escape from this mode can be done by an external 


interrupt 
(INT or INT,), 
RES or STBY. The RES resets the 


MCU and the STBY brings into the standby mode. 


When interrupt 
is requested 
to 
the CPU and accepted, 


the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt 
routine. 
If the inter- 
rupt 
is masked by the I bit of the condition 
code register, 


after 
releasing from the stop mode, the MCU executes the 


instruction 
lIext to the STOP. If the INT, interrupt is masked 


by the miscellaneous register, there is no interrupt 
request to 


the MCU, so the stop mode cannot be released. 


Fig. 24 shows a flowchart for the ~top function. 
Fig. 25 


shows a timing chart of return to the operation 
mode from 


the stop mode. 


For releasing from the stop mode by an interrupt, 
oscilla- 


tion starts upon input of the interrupt 
and, after the internal 


delay time for stabilized oscillation, the CPU becomes active . 
For restarting by RES, oscillation 
starts when the RES goes 
"0" and ~ 
CPU restarts when the RES goes" I". 
The dura- 


tion of RES="O" must exceed tose to assure stabilized oscil- 
lation. 


• Standby Mode 
The MCU enters into the standby mode when the STBY 


terminal goes "Low". 
In this mode, all operations stop and 


the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals 
turn 
to high-impedance 
state. The 


standby mode should escape by bringing STBY "High". The 
CPU must be restarted by reset. 
The timing of input signals 


at the RES and STBY terminals is shown in Fig. 26. 
Table 4 lists the status of each parts of the MCU in each 


low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 


(Note) 
~en 
I bit of condition 
code register is "I" 
and interrupt 


(lNT, TIMER/INT" 
SCI/TIMER,) 
is held, MCU does not enter 


WAIT mode by the execution of WAIT instruction. 


In that case, after the 4 dummy cycles MCU executes 
the 


next instruction. 
In the same way, when external interrupts 
(lNT, INT,) 
are 


held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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Oscillator 
Active 


Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU, TIMER, SCI. 
I/O and All 
Other Functions 


Fetch 
Instruction 


Load PC from 
Interrupt 
Vector 
Addresses 
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Stop Oscillator 
and All Clocks 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Fetch 
Instruction 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


load 
PC from 
Interrupt 
Vector 


Addresses 
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Oscillator 1IIIIIIIIIIIIII 


OSCillator~ 


E~ 
I 
STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized (built-in 
delay time) 


Time required for oscillation 
to become 


stabilized (to,e) 


,i 
i 'J 
I 
, 
I 
t 
t 
, 
I 
I 
, 
It, 
I 
, 
I 
, 
'--"--'--- 


Condition 


Mode 
Start 
Oscil- 
Timer, 
I/O 
EscapE 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT 
in· 
STBY, RES, INT, INT" 
WAIT 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft- 
struction 
TIMER, 
TIMER" 
SCI 
ware 
STOP in· 
STOP 
struction 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY, RES, INT, INT, 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im· 
STBY="High" 
by 
ware 
pedance 
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Figure 
27 
Transitions 
among 
Active 
Mode, 
Wait Mode, 


Stop 
Mode, 
Standby 
Mode 
and Reset 


-BIT 
MANIPULATION 


The 
MCU can 
use a single 
instruction 
(BSET 
or BCLR) 
to 


set 
or 
clear 
one 
bit 
of 
the 
RAM 
or 
an 
I/O 
port 
(except 
the 
write-only 
registers 
such 
as the 
data 
direction 
register). 
Every 
bit of memory 
or I/O within 
page 0 (SOO - 
SFF) 
can be tested 


by the 
BRSET 
or BRCLR 
instruction; 
depending 
on the result 


of 
the 
test, 
the 
program 
can branch 
to reqUired 
destinations. 
Since 
bits 
in the 
RAM, 
or 
I/O 
can 
be manipulated, 
the 
user 


may 
use a bit within 
the 
RAM 
as a flag or handle 
a single 
I/O 


bit 
as an independent 
I/O terminal. 
Fig. 28 shows 
an example 
of 
bit 
manipulation 
and 
the 
validity 
of 
test 
instructions. 
In 


the 
example, 
the 
program 
is configured 
assuming 
that 
bit 
0 


of 
port 
A is connected 
to 
a zero 
crosS 
detector 
circuit 
and 


bit 
I of the same 
port 
to the trigger 
of a triac. 


The 
program 
shown 
can 
activate 
the 
triac 
within 
a time of 
lOllS from 
zero-crossing 
through 
the 
use 
of only 
7 bytes 
on 


the 
ROM. 
The 
on-chip 
timer 
provides 
a required 
time 
of 


delay 
and pulse 
width 
modulation 
of power 
is also possible. 


SE IF 
1 
BRClR 
O. PORT 
A, SELF 
1 


BSET 
1. PORT 
A 


BClR 
1. PORT 
A 


-ADDRESSING 
MODES 


Ten different 
addressing 
modes 
are available 
to the MCU. 


• Immediate 
See 
Fig. 
29. 
The 
immediate 
addressing 
mode 
provides 
access 
to a constant 
which 
does 
not 
vary 
during 
execution 
of 


the program. 


This 
access 
requires 
an instruction 
length 
of 2 bytes. 
The 


effective 
address 
(EA) 
is PC and 
the 
operand 
is fetched 
from 


• Direct 


See Fig. 30. 
In the direct 
addressing 
mode, 
the 
address 
of 
the 
operand 
is contained 
in the 
2nd 
byte 
of the 
instruction. 


The 
user 
can 
gain 
direct 
access 
to 
memory 
up 
to 
the 
lower 
2SSth 
address. 
All RAM and I/O registers 
are on page 0 of ad· 
dress space 
so that 
the direct 
addressing 
mode 
may be utilized. 


• Extended 


See Fig. 
31. 
The 
extended 
addressing 
is used 
for referenc- 
ing 
to all addresses 
of 
memory. 
The 
I:J\ 
is the 
contents 
of 


the 
2 
bytes 
that 
follow 
the 
operation 
code. 
An 
extended 
addressing 
instruction 
requires 
a length 
of 3 bytes. 


• Relative 


See 
Fig. 
32. 
The 
relative 
addressing 
mode 
is used 
with 


branch 
instructions 
only. 
When 
a branch 
occurs, 
the program 
counter 
is loaded 
with 
the contents 
of the 
byte 
following 
the 


operation 
code. 
EA 
= (PC) 
+ 2 + ReI., where 
ReI. indicates 
a 
signed 
8·bit 
data 
following 
the 
operation 
code. 
If no branch 
occurs, 
ReI. 
= O. 
When 
a branch 
occurs, 
the 
program 
jumps 


to any byte 
in the 
range 
+ 129 to -127. 
A branch 
instruction 


requires 
a length 
of 2 bytes. 


• Indexed 
(No Offset) 


See 
Fig. 
33. 
The 
indexed 
addressing 
mode 
allows 
access 


up 
to 
the 
lower 
2SSth 
address 
of memory. 
In this 
mode, 
an 


instruction 
requires 
a 
length 
of 
one 
byte. 
The 
EA 
is the 


contents 
of the index 
register. 
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ili 


IJ 
= 


_ Indexed (S-bit Offset) 


See Fig. 34. 
The EA is the contents 
of the byte follow- 


ing the operation 
code, plus the contents of the index register. 


This mode allows access up to the lower 51 Ith address of 
memory. 
Each instruction 
when used in the index addressing 


mode (8-bit offset) requires a length of2 bytes. 


_Indexed (16-bit Offset) 


See Fig. 35. 
The contents 
of the 2 bytes following the 


operation 
code are added 
to content 
of the index register 


to compute 
the value of EA. 
In this mode, the complete 


memory can be accessed. When used in the indexed address- 
ing mode (I6-bit offset), an instruction must be 3 bytes long. 


_ Bit set/Clear 
See Fig. 36. 
This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. The lower 3 bits of the operation code specify the bit to 
be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


I 
Memory 


~ 


_ Bit Test and Branch 
Sec Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions 
that can test any bit within page 0 
and can be branched 
in the relative addressing mode. 
The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. 
Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 


long. The value of the test bit is written in the carry bit of the 
condition code register. 


-Implied 
See Fig. 38. 
This mode involves no EA. All information 
needed 
for execution 
of an instruction 
is contained 
in the 


operation 
code. 
Direct 
manipulation 
on the 
accumulator 


and index register is included in the implied addressing mode. 
Other instructions 
such as SWI and RTI are also used in this 


mode. 
All instructions 
used in the implied addressing mode 
should have a length of one byte. 


F8 


Index 
Reg 


I 
Stack 
POint 
I 
Prog Count 


OSCO 


CCI 


EA 


Memory 
0048 


Ind8lt 
eg 


Stack 
••.to-,n-, -_ 
..• 


Prog !ount 
052F 


CC 
I 
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Memory@ 


: 
: 


PROG LOA CAT 0409 
C6 
040A 
06 
040B 
E5 


40 


Index 
Reg 
I 
Stack 
POInt 
I 
Prog Count 


040C 
CCI 


EA 


Memory 
04Cl 


~ 


I 
Index 
Reg 


I 


Stack 
Pomt 
I 
Prog Count 


04Cl 


CC 


EA 


Memory 
00B8 


. 
. 


PROG 
lOA 
X 05F4 
~ 


~ 


Stack Pomt 


I 


Prog Count 


05F5 
CCI 
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TABl 
FCB 
BF 
OOB9 
FCB 
86 
008A 
FC8 
DB 
CKJ8B 
FCB 
CF 
008C 


· 
. 
· 
. 


~ 


CF 


Index Reg 
03 
Stack 
POint 
I 


Prog Count 
0750 


CC 
I 


EA 
Memory. 
0780 


~· 
' 
PROG lOA 
TABl.X 
0692 
06 
0693 
07 
0694 
7E 


TABl 
FCB 
BF 
077E 
BF 
FCB 
86 
077F 
86 


FCB 
DB 
0780 
DB 


FCB 
CF 
0781 
CF 


Inde. 
eg 
02 
Stack 
Oint 


I 


Prog Count 
0695 


CCI 


~. 
, 


AI 
Inde. 
Reg 
I 


Stack 
POint 
I 


Prog Count 


0591 


CC 
I 
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PROG 
BReLR 
2.PORT 
CPROG 
2 0574 
0575 
0576§ 


; 
. 


A 
I 
Index 
Reg 
I 
Stack POlnl 
I 
Prog Count 
0594 


CC 


I 
Memory 


~ 
,,,,, ••"M~ 


~ 
o 
0 
o 
0 
o 
0 
o 
0 


E5 
Indell. 
eg 


E5 
Stack 
Oint 
I 
Prog Counl 


0588 
CC 
I 


-INSTRUCTION 
SET 


There are 62 basic instructions available to the HD630SX 
MCV. 
They can be classified into five categories: register/ 
memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 


control. 
The details 
of each instruction 
are described 
in 
Tables 5 through II. 


• Register/Memory Instructions 


Most of these instructions use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD630SX MCV. 
There is no register operand in the uncon- 
ditional 
jump 
instruction 
(JMP) and the 
subroutine 
jump 
instruction (JSR). See Table S. 


• Read/ModifylWrite 
Instructions 
These instructions 
read a memory or register, then modify 


or test its contents, 
and write the modified value into the 


memory 
or register. 
Zero test instruction 
(TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


• Branch Instructions 
A branch instruction branches from the program sequence 


in progress if a particular condition is established. 
See Table 7. 


• Bit Manipulation Instructions 
These instructions 
can be used with any bit located up to 


the lower 2SSth address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control Instructions 
The control instructions 
control the operation of the MCV 


which is executing a program. See Table 9. 


o list of Instructions in Alphabetical Order 
Table 
10 lists all the instructions 
used on the HD630SX 


MCV in the alphabetical order. 


• Operation Code Map 
Table II shows the operation code map for the instructions 


used on the MCV. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Boolean/ 
Condition 


Operetions 
Mnemonic 
Arithmetic 
Cod. 


Immedi3te 
Direct 
Extended 
(No Offset) 
18·S;, Offsotl 
116·BrtOllseU 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Load A from Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 
M-A 
• · 


A 
A · 
Load X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
• • 
A 
A • 


Store 
A in Memory 
STA 
- - - 
B7 
2 
3 
C7 
3 
4 
F7 
1 
4 
E7 
2 
4 
07 
3 
5 
A-M 
·· 


A 
A • 


Store 
X in Memory 
STX 
- - 
- 
BF 
2 
3 
CF 
3 
4 
FF , 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
• · 


A 
A • 


Add 
Memory 
to A 
ADD 
AB 
2 
2 
8B 
2 
3 
CB 
3 
4 
F8 
1 
3 
EB 
2 
4 
DB 
3 
5 
A+M-·A 
A • 


A 
A 
! 


Add 
Memory 
and Carry 


to A 
AOC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
A • 


A 
! 
A 


Subtract 
Memory 
SUB 
AD 
2 
2 
BO 
2 
3 
CD 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A-M 
....•A 
• • 
A 
A 
!. 


Subtract 
Memory 
from 


A with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A-M-C-A 
• • 


A 
A 
A 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 
A· 
M-A 
• • 
t, 
A · 
OR Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 
A+M-A 
• • 


A 
A • 


Exclusive 
OR Memory 


with 
A 
EOR 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB , 
3 
EB 
2 
4 
DB 
3 
5 
AIj)M-A 
• · 


A 
/ · 
Arithmetic 
Compare 
A 


with 
Memory 
CMP 
Al 
2 
2 
Bt 
2 
3 
Cl 
3 
4 
Fl 
1 
3 
Et 
2 
4 
Ot 
3 
5 
A-M 
· • 
A 
A , 


Arithmetic 
Compare 
X 


wIth 
Memory 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
X-M 
• • 
A 
/ 
A 


BIt Test Memory 
with 


A (logical 
Comparel 
BIT 
A5 
2 
2 
85 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A·M 
• • 


A , • 


Jump 
Unconditional 
JMP 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 
• • . • · 
Jump 
to 
Subroutine 
JSR 
BO 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
5 
DO 
3 
6 
• • ..· 
Symbols: 
Op· ~eration 
• 
• Number 
of bytes 


- 
- 
Number 
of cycles 


I Mnemonic 


Addressing 
Modes 


Indexed 
Indexed 
Condition 


Operations 
Boolean/Arithmetic 
Operattan 
Code 


I 


Implied(A) 
Imphed(XI 
Direct 
(No Offset) 
(S·Blt Offset) 


OP • - 
OP • 
- 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Increment 
INC 
4C 
1 
2 
5C 
t 
2 
3C 
2 
5 
7C 
1 
5 
6C 
2 
6 
A+ 
1-A 
or X+1-X 
or M+l_M 
• • 


A 
A • 


Decrement 
OEC 
4A 
1 
2 
5A 
1 
2 
3A 
2 
5 
7A 
t 
5 
6A 
2 
6 
A-1 
....•A or X-1_X 
or M-l 
....•M • • 


A 
A • 


Clear 
CLR 
4F 
1 
2 
5F 
1 
2 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 
OO-A 
or OO-X 
or OO-M 
· • 
0 
1 • 


Complement 
COM 
43 
1 
2 
53 
1 
2 
33 
2 
5 
73 
t 
5 
63 
2 
6 
A ....•A or X-X 
or M ....•M 
• • 


A , 
1 


Negate 
OO-A 
....•A or OO-X-X 


(2·s Complement) 
NEG 
40 
1 
2 
50 , 
2 
30 
2 
5 
70 
1 
5 
60 
2 
6 
or OO-M-M 
·· 


A 
A 
A 


Rotlte 
left 
Thru 
Carry 
ROL 
49 
1 
2 
59 
1 
2 
39 
2 
5 
79 
1 
5 
69 
2 
6 lfub' 


AOI'XOl'M 
bofJ ·· 


A , 
A 
I I I I I I I 


Rotate 
Right 
Thru 
Carry 
ROR 
46 
1 
2 
56 
1 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 LriHb' H+:.•I 
boiJ 
• • 


A 
A 
A 


C 
I 
I 


c 
b, 
bo 
Logical 
Shift 
Left 
LSL 
4B 
1 
2 
5B 
1 
2 
3B 
2 
5 
7B 
t 
5 
6B 
2 
6 [}-i I~~:'HI I 1--0 • • 


A 
A 
A 
--- 
b, 
.. 
C 
Logical 
Shift 
Right 
LSR 
44 
1 
2 
54 
1 
2 
34 
2 
5 
74 
1 
5 
64 
2 
6 0' I I·H": ••I I 1-0 
• • 
0 
A 
A 


Anthmette 
Shrtt 
Right 
[2b, 
.. 
C 


ASR 
47 
1 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
H·H.•I I ~ · • 
A 
A 
A 
I 


Arithmetic 
Shrtt 
Left 
ASL 
4B 
1 
2 
5B 
1 
2 
3B 
2 
5 
7B 
1 
5 
6B 
2 
6 
Equal to l5l 
· • 


A 
A 
A 


Tnt 
for 
Negative 


or Zero 
TST 
40 
1 
2 
50 
1 
2 
3D 
2 
4 
70 
1 
4 
60 
2 
5 
A-OO 
or X-OO 
or M-OO 
• • 


A 
A • 


Symbols: 
Op· Operation 
* • Number 
of bytes 


- 
• Number 
of cycles 
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Addressing 
Modes 


Condition 
Code 
Operations 
Mnemonic 
Relative 
Branch Test 


OP 
j:i 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 


Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 
Branch 
IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 


Branch 
IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=l 
• • • • • 
Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=l 
• • • • • 
(Branch 
IF lower) 
(BlO) 
25 
2 
3 
C=l 
• • • • • 


Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 
Branch 
IF Equal 
BEQ 
27 
2 
3 
Z=l 
• • • • • 


Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 
Branch 
IF Half 
Carry 
Set 
BHCS 
29 
2 
3 
H=l 
• • • • • 
Branch 
IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 


Branch 
IF Minus 
BMI 
2B 
2 
3 
N=l 
• • • • • 
Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 
Branch 
IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 
Branch 
IF Interrupt 
line 


is low 
Bll 
2E 
2 
3 
INT=O 
• • • • • 
Branch 
IF Interrupt 
line 


is High 
BIH 
2F 
2 
3 
INT=l 
• • • .. • 
Branch 
to 
Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: Op :: Operation 


# 
=- Number 
of bytes 


- 
:: Number 
of cycles 


Addressing 
Modes 
Boolean/ 
Condition 
Code 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 
Arithmetic 
Branch 
Test 
OP 
11 - 
OP 
11 - 
Operation 
H 
I 
N 
Z 
C 


Branch 
IF Bit n is set 
BRSET n(n=O 
··7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=1 
• • • • 
/\ 


Branch 
IF Bit n is clear 
BRCLR n(n-0···7) 
- 
- 
- 
01 +2·n 
3 
5 
- 
Mn-O 
• • • • 
/\ 


Set Bit n 
BSET n(n=O··· 
7) 
10+2·n 
2 
5 
- 
- 
- 
I~Mn 
- 
• • • • • 
Clear Bit n 
BCLR n(n=0···7) 
11 +2·n 
2 
5 
- 
- - 
O~Mn 
- 
• • • • • 
Symbols: Op"" Operation 
# 
""Number of bytes 
- 
:: Number 
of cycles 
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Addressing Modes 
Condition Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
11 
- 
H 
I 
N 
Z 
C 


Transfer A to X 
TAX 
97 
1 
2 
A-X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X-A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
l-C 
• • • • 
1 


Clear Carry Bit 
CLC 
98 
, 
1 
o-c 
• • • • 
0 


Set Interrupt Mask Bit 
SEI 
9B 
1 
2 
1-1 
• 
1 • • • 
Clear Interrupt Mask Bit 
CLI 
9A 
1 
2 
0-1 
• 
0 • • • 
Software Interrupt 
SWI 
83 
, 
10 
• 
1 • • • 
Return from Subroutine 
RTS 
81 
, 
5 
• • • • • 
Return from Interrupt 
RTI 
80 
1 
8 
? 
? 
? 
? 
? 
Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF-SP 
• • • • • 
No-Operation 
NOP 
90 
1 
1 
Advance Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
80 
1 
2 
Converts 
blnarv 
add of BCD charcters 
tnto 
• • 
1\ 
1\ 
1\- 
BCD 
format 
Stop 
STOP 
8E 
1 
4 
• • • • • 
Wait 
WAIT 
8F 
, 
4 
• • • • • 


Symbols; Op'" Operation 


:It 
'" Number of bytes 


- 
'" Number 
of 
cycles 


Addressing Modes 
Condition 
Code 


BIt 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set! 
Test 
& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
IB·Bitl 
(l6·Bitl 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
x 
X 
x 
X 
X 
1\ • 
1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 
1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
ASL 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


ASA 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


BCC 
X 
• • • • • 
BCLA 
X 
• • • • • 
BCS 
X 
• • • • • 
BEa 
X 
• • • • • 
BHCC 
X 
• • • • • 
BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 
(BHSI 
X 
• • • • • 
BIH 
X 
• • • • • 
BIL 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
IBLO) 
X 
• • • • • 
BLS 
X 
• • • • • 
BMC 
X 
• • • • • 
BMI 
X 
• • • • • 
BMS 
X 
• • • • • 
BNE 
X 
• • • • • 
BPL 
X 
• • • • • 
BRA 
X 
• • • • .. 


Condition Code Symbols: 


H 
Half Carry IFrom Bit 31 
I 
Interrupt Mask 
N 
Negative 
(Sign Bitl 
Z 
Zero 


Carry 
/80rrow 
Test and Set If True. Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonte 
Indexed 
Indexed 
Indexed 
Set! 
Test III 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(8-Bit) 
(16-Bitl 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
x 
• • • • • 


BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 


BSR 
x 
• • • • • 


CLC 
x 
• • • • 
0 


CLI 
x 
• 
0 • • • 


CLR 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


OAA 
x 
• • 


1\ 
1\ 
/\ 


OEC 
x 
x 
x 
x 
• • 
1\ 
1\ • 
EOR 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 
LOA 
x 
x 
x 
x 
x 
x 
• • 
!\ 
/\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
1\ • 
LSL 
x 
x 
x 
x 
• • 
/\ 
1\ 
/\ 


LSR 
x 
x 
x 
x 
• • 
0 
1\ 
1\ 


NEG 
x 
x 
x 
x 
• • 
/\ 
/\ " 


NOP 
x 
• • • • • 
ORA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ROL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ROR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


RSP 
x 
• • • • • 
RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 


1\ 
/\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
STOP 
x 
• • • • • 
STX 
x 
x 
x 
x 
x 
• • 
1\ 
/\ • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
/\ 
1\ 
/\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
X 
• • 
/\ 
/\ • 
TXA 
x 
• • • • • 
WAIT 
x 
• • • • • 


Condition 
Coda Symbols: 


H 
Half 
Carry 
(From 
Blt 3) 
I 
Interrupt Mask 


N 
Negative 
(Sign 
Bit) 
Z 
Zero 


Carry 
Borrow 


Test 
and 
Set if True. 
Cleared 
Otherwise 


Not 
Affected 


Load 
CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/ Modify /Write 
Control 
Register 
Memory 


Test & 
Setl 


Branch 
Clear 
Rei 
DIR 
A 
X 
,Xl 
,XO 
IMP 
IMP 
IMM 
DIR 
EXT 
,X2 
,Xl 
,XO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
~ 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLRl 
BLS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LDA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
- 
TAX' 
- 
STA 
STAf+1) 
7 
8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPL 
DEC 
- 
cu" 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SE'" 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP' 
-- 
JMP(-1) 
C 


D 
BRCLR6 
BCLR6 
BMS 
TSTI-II 
TST 
I TST(-l) 
DAA' 
NOP 
BSR" 
JSR(+2) 
JSR(+ll 
JSR(+2) 
D 


E 
BRSET7 
BSET7 
BIL 
- 
STOP' 
- 
LDX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT' TXA' 
- 
STX 
STXI+ll 
F 


3/5 
2/5 
2/3 
2 5 
1 2 ! 1/2 
2/6 
1/5 
1 • 
1/1 
2/2 
2/3 
3/4 
3 5 I 2/4 
1 3 


(NOTES) 
1. 
"-" 
is an undefined operation code. 
2. 
The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycles). 


The number of cycles for the mnemonics asterisked (.) 
is as follows: 


RTI 
8 
TAX 
2 


RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 


DAA 
2 
8SR 
5 
STOP 
4 
ell 
2 


WAIT 
4 
SEI 
2 
3. 
The parenthesized 
numbers 
must be added to the cycle 
count 
of the particular 
instruction. 


• 
Additional 
Instructions 
The following 
new instructions 
are used on the HD6305X: 
OAA 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code. 


WAIT 
Causes the MCV 
to enter 
the wait mode. For this mode, 
see the topic, 
Wait Mode. 


STOP 
Causes the MCV 
to enter 
the stop mode. For this mode, 


see the topic, 
Stop Mode. 
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HD63B05YO 
CMOS MCU (Microcomputer Unit) 


HD6305YO 
is a CMOS 8-bit 
single-chip microcomputer 


which includes a CPU upward compatible with the HD6305XO. 
On the chip of the HD6305YO, 7872 byte ROM, 256 byte RAM, 
55 I/O terminals, two timers and a serial communication 
inter- 
face (SCI) are built in. And three low power dissipation modes 
(stop, 
wait and standby) 
support 
the low power operating. 
Instruction set is upward compatible with the HD6805 family. 


• HARDWARE FEATURES 


• B-bit based MCU 
• 7B72 bytes of ROM 
.256 
bytes of RAM 
.A 
total of 55 terminals. including 32 I/O·s. 7 inputs and 16 


outputs 
.Two timers 
B-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 
15-bit timer (commonly 
used with the SCI clock divider) 


• On-chip serial interface circuit (synchronized with clock) 
• Six interrupts 
(two external. 
two timer. one serial and one 


software) 
.low 
power dissipation. modes 


- 
Wait .... 
In this mode. the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt 
func- 


tion is operatable. 


Stop. 
. .. 
In this mode. the clock stops but the RAM 
data. I/O status and registers are held. 
Standby .. 
In this mode. the clock stops, the RAM data 
is held. 
and the 
other 
internal 
condition 
is 


reset. 


• Minimum instruction cycle time 


HD6305YO 
1 j.ls(f = 1 MHz) 


- 
HD63A05YO 
0.67 j.lS(f = 1.5 MHz) 


- 
HD63B05YO 
0.5 j.lS(f = 2 MHz) 


• Wide operating range 
VCC = 3 to 6V (f = 0.1 to 0.5 MHz) 
HD6305YO 
f = 0.1 to 1 MHz (VCC = 5V ± 10%) 


HD63A05YO 
f = 0.1 to 1.5 MHz (VCC = 5V ± 10%) 


HD63B05YO 
f = 0.1 to 2 MHz (VCC = 5V ± 10%) 


.System 
development 
fully supported 
by an evaluation 
kit 


• SOFTWARE FEATURES 
.Similar 
to HD6BOO 
• Byte efficient instruction set 
• Powerful bit manipulation 
instructions (Bit Set, Bit Clear, and 


Bit Test and Branch usable for 192 byte RAM bits within page 
o and all I/O terminals) 
• A variety of interrupt operations 
• Index addressing mode useful for table processing 
• A variety of conditional branch instructions 
• Ten powerful addressing modes 
• All addressing modes adaptable to RAM. and I/O instructions 
• Three new instructions, STOP. WAIT and DAA. added to the 


HD6805 family instruction set 


• Instructions 
that are upward compatible with those of Moto- 


rola's MC6805P2 and MC146805G2 


HD6305YOP. HD63A05YOP. 
HD63B05YOP 


(DP-64S) 


HD6305YOF. HD63A05YOF. 
HD63B05YOF 
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• PIN ARRANGEMENT 


• 
HD6305YOP, 
HD63A05YOP, 
HD63B05YOP 


VSS 
0 
Go 
RES 
G, 
INT 
G, 
STBY 
G, 


XTAL 
G. 


eXTAL 
G. 


NUM 
G. 
TIMER 
G, 
A] 
F1 
AI 
F. 


As 
Fs 
A. 
F. 
All 
F3 
A2 
Fl 


Al 
F, 


Ao 
Fa 
87 
E7 
B. 
Ell 
Bs 
Es 


B. 
E.• 


83 
EJ 
8, 
Ez 
8, 
E, 


Bo 
Eo 
C,/Tx 
0, 
C./R. 
O./i'N'T, 


C./CK 
o. 


C.. 
0 .• 


C3 
OJ 
C2 
O2 
C, 
0, 


Co -L- 
r- 
VCC 


Port A 
I/O 
T.,.-minals 


Port B 
I/O 
Terminals 


C,/Tx 
Co/Rx 


0, 
O,IINT;" 


~: 
Port 0 


o. 
Input 
OJ 
Terminals 
o 


Port 
E 
Output 
Terminals 


f. 
f. 


F1 
Port F 


~: 
Output 
F. 
Terminals 
f. 
f, 


Port G 
I/O 
Terminals 
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Item 
Symbol 
Value 
Unit 


Supply 
voltage 
Vcc 
-0.3-+7.0 
V 


Input voltage 
Vin 
-0.3 - 
Vcc 
+ 0.3 
V 


Operating 
temperature 
Topr 
0-+70 
°c 
- 
Storage temperature 
T.tg 
-55 - 
+150 
°c 


[NOTE] 
These products have 8 protection 
circuit 
in their input terminals against high electrostatic 
voltage or high electric fields. 
Notwithstanding, 
be careful 
not to apply any voltage higher than the absolute 
maximum 
rating to these high inp",t 
impedance circuits. 
To assure normal 
operltion. we recommended Vln, Vou,; Vss ~ (V in or Vou') ~ VCC' 


• ELECTRICAL 
CHARACTERISTICS 


e DC Characteristics (Vcc = 5.0V ± 10%. Vss = GND and Te = 0 - +70°C unless oth_ise 
specified) 


Input 
voltage 
"High" 


Current 
dissipation 


Input 
leakage 
current 


Three- 
state 
current 


Input 
capacity 


R"ES.STBY 


EXTAL 


Vcc- 
0.5 


Vcc 
x 0.7 


2.0 


-0.3 


Vcc+ 
0.3 


Vcc+ 
0.3 


Vcc+ 
0.3 


0.8 


10 


5 


10 


10 


All 
Input 


Operating 


Stop 


Standby 


TIMER. 
TNT, 


~D7' 


Ao - 
A,. 
80-8,. 
Co-C,. 
Go - 
G,. 
Eo-E,·· 
Fa - F,·· 


Vin = 0.5- 


VCC - 0.5V 


f = 1MHz. 
Vin = OV 
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Test 
HD6305YO 
HD63A05YO 
HD63B05YO 
Item 
Symbol 
condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
fel 
0.4 
- 
4 
0.4 
- 
6 
0.4 
- 
B 
MHz 
frequency 


Cycle time 
teye 
1.0 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
lis 


INT pulse 
tlWL 
te~e 
- 
- 
tcyc 
- 
- 
tcyc 
- 
- 
ns 
width 
+2 
0 
+200 
+200 


INT2 
pulse 
tcyc 
teye 
tcyc 
tlwL2 
- 
- 
- 
- 
- 
- 
ns 
width 
+250 
+200 
+200 


RES pulse 


tRwL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tcyc 
width 


TIMER 
pulse 
tTWL 
toye 
tcyc 
- 
tcyc 
width 
+250 
- 
- 
+200 
- 
+200 
- 
- 
ns 


Oscillation 
CL = 22pF ± 
20% 
start time 
tosc 
Rs = 60n 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 
(crystal) 
max 


Reset delay 
tRHL 
External 
cap. 
80 
- 
- 
80 
- 
- 
80 
- 
- 
ms 
time 
2.211F 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


Output 
volt· 
IOH = -2OOIlA 
2.4 
- 
- 
V 


age "High" 
Ports A. 
VOH 


IOH = -lOilA 
VCC - 0.7 
- 
- 
V 


B,C,G, 
Output 
volt· 
E, F 


VOL 
IOL = 1.6mA 
- 
- 
0.55 
V 
age "Low" 


Input 
volt· 
VIH 
2.0 
- 
VCC + 0.3 
V 
age "High" 


Input 
volt· 
Ports A, 


VIL 
- 0.3 
0.8 
V 
age "Low" 
B,C, 
D, 
- 


G 


Input 
leak· 
IlL 
Vin = 0.5- 
-1 
- 
1 
IIA 
age current 
Vcc 
- 0.5V 


Test 
HD6305YO 
HD63A05YO 
HD63B05YO 
Item 
Symbol 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock Cycle 
tScyc 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
lis 
Data Output 
Delay Time 
trxo 
Fig. 1, 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set·up Time 
tSRX 
Fig. 2 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Data Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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Clock 
Input 


CSICK 
o 'V 


O.t.Outpul 


C7/TX 
l-------- 


'- 
'"~ 


0.1. Input 
,0V 
,0V 
t--- 


C ••••RX 
O,V 
O'V 
l-------- 


TTL 
Load 


(Pard 
Test point 
terminal 


[NOTES) 
1. The load capacitance includes strey capacitance caused 


by the probe, etc. 
2. 
All diad •• are 152074 ®. 


• DESCRIPTION OF TERMINAL FUNCTIONS 


The input and output signals of the H06305YO are described 


here. 


•vcc, vss 
Voltage is applied 
to the HD6305YO through these two 


tenninals. 
VCC is 5.0V ± 10%, while VSS is grounded. 


.INT,INT. 
External interrupt 
request inputs to the HD6305YO. 
For 


details, refer to "INTERRUPTS". 
The INT. tenninal is also 


used as the port 06 tenninal. 


• XTAL, EXTAL 
These tenninals provide input to the on-<:hipclock circuit. 


A crystal 
osciUator (AT cut, 2.0 to 8.0 MHz) or ceramic 


fJlter is connected 
to the terminal. 
Refer to "INTERNAL 


OSCILLATOR" for using these input tenninals . 


• TIMER 
This is an input 
tenninal 
for event 
counter. 
Refer to 


"TIMER" for details. 


.RES 
Used to reset the MCU. Refer to "RESET" for details. 


.NUM 
This terminal is not intended for user applications. 
It must 


be grounded to VSS. 


• Input/Output 
Terminals (Ao - 
A7, Bo - 
B7, Co - C7, Go - 


G,I 
These 32 tenninals consist of four 8·bit I/O ports (A, B, C, 


G). Each of them can be used as an input or output tenninal 
on a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 


• Input Terminals (0, - 0,) 
These seven input-only 
tenninals 
are TTL or CMOS com· 


patible. 
Of the port O's, 06 is also used as INT•. 
If 06 is 


used as a port, the INT. interrupt 
mask bit of the miscellane· 


ous register must be set to :'1" to prevent an INT. interrupt 
fro'm being accidentally accepted. 


• Output Terminals (Eo - E" Fo - F71 
These 
16 output-only 
tenninals 
are TIL 
or CMOS com· 


patible . 


• STBY 
This tenninal 
is used to place the MCU into the standby 


mode. 
With STBY at "Low" 
level, the oscillation stops and 


the internal condition 
is reset. For details, refer to "Standby 


Mode." 


The tenninals 
described in the follOWing are I/O pins for 


serial communication 
interface (SCI). 
They are also used as 


ports C., 
C6 and C,. 
For details, refer to "SERIAL 
COM· 


MUNICATION INTERFACE." 


.CK (C. I 
Used to input or output clocks for serial operation . 


.Rx 
(C6) 
Used to receive serial data. 


.Tx 
(C7) 
Used to transmit serial data. 
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-MEMORY MAP 


The memory 
map of the HD6305YO MCU is shown in 


Fig. 4. 
During interrupt 
processing, the contents of the MCU 


registers are saved into the stack in the sequence shown in 
Fig. 5. This saving begins with the lower byte (PCl) 
of the 


program 
counter. 
Then 
the 
value of the stack pointer 
is 


decremented 
and 
the 
higher 
byte 
(PCH) of the 
program 


counter, 
index register (X), accumulator 
(A) and condition 


code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (pCH and Pel) 
are stacked. 


0 
$0000 
0 
PORT A 
SOO 
1/0 Ports 
1 
PORT B 
$01 
Timer 
2 
PORT C 
$02 
SCI 
3 
PORT D 
503·· 
63 
64 
RAM 
4 
PORT 
A OOR 
$04- 


(192Bytes) 
5 
PORT 
BOOR 
505- 
6 
PORT c OOR 
$06- 


255 
Stack 
7 
PORT 
G OOR 
S07· 
256 
RAM 
8 
Timer 
Data 
Reg S08 


(64Bytes) 
9 
T,mer 
CTRL 
Reg $09 


319 
10 
ISC 
eg 
$OA 


320 
11 
PORT E 
SOB 
12 
PORT F 
$OC 
13 
PORT G 
SOD 
ROM 


(7.872Bytes) 
Not Used 


8182 --------- 
$lFF6 
SCI 
CTRL 
Reg 
$10 


Interrupt 
SCI 
STS 
Reg 
$11 


8191 
Vectors 
SlFFF 
SCI 
Data 
Reg 
$12 
819 
$2000 


Not Used 


Not Used 
S3F 


16383 
$3FFF 


* Write only register 


•• 
Read onlv 
register 


7 
6 
5 
4 
3 
2 
1 
0 
Condition 
Pull 


n-4 
Code Register 
n+l 


n-3 
Accumulator 
n+2 


n-2 
Index Register 
n+3 


n-l 
0 
0 
PCW 
n+4 


n 
PCL· 
n+5 


Push 


-REGISTERS 
There are five registers which the programmer can operate. 


oIAccumulator 
o 
I 
index 
Register 


13 
0 


I 
PC 
IProgram 
Counter 


13 
6 5 
0 


~O 
0 0 
•••••---S-P---IStack 


~Pomter 


7 
I 
A 


7 
I 
X 


Condition 
Code 
Register 
~gg~," 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


• Accumulator 
(A) 
This accumulator 
is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 


• Index Register (X) 
The index register is an 8-bit register, and is used for index 
addressing 
mode. 
Each of the 
addresses contained 
in the 
register 
consists of 8 bits which, 
combined 
with an offset 


value, provides an effective address. 


In the case of a read/modify/write 
instruction, 
the index 


register can be used like an accumulator 
to hold operation 
data or the result of operation. 


If not used in the index addressing mode, the register can 
be used to store data temporarily. 


• Program Counter (PC) 
The program counter 
is a 14-bit register that contains the 
address of the next instruction to be executed. 


• Stack Pointer (SP) 
The stack pointer is a 14-bit register that indicates the ad- 


dress of the next 
stacking space. Just after reset, the stack 
pointer 
is set at address SOOFF. It is decremented 
when data 
is pushed, 
and incremented 
when pulle". 
The upper 8 bits 


of the stack pointer are fIxed to o00ooo II. During the MCU 
being reset or dUring a reset stack pointer (RSP) instruction, 
the pointer 
is set to address SOOFF. Since a subroutine 
or 
interrupt 
can use space up to address SOOCI for stacking, the 


subroutine 
can be used up to 31 levels and the interrupt 
up 


to 12 levels. 


• Condition Code Register (CC) 
The 
condition 
code register is a 5-bit register, each bit 
Figure 5 
Sequence of Interrupt Stacking 
indicating 
the result of the instruction 
just 
executed. 
The 


bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 


Half Carry (H): Used to indicate 
that 
a carry occurred 
be- 


tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 


Interrupt (I): 
Setting 
this bit causes all interrupts, 
except 


a software 
interrupt, 
to be masked. 
If an 


interrupt 
occurs 
with 
the 
bit 
I set, it is 


latched. 
It 
will be 
processed 
the 
instant 


the interrupt 
mask bit is reset. (More specifi- 
cally, it will enter 
the interrupt 
processing 


routine 
after 
the 
instruction 
following 
the 
CLI has been executed.) 


Negative (N): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or. data processing is negative (bit 7 is logic 
"I"). 
Zero (Z): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Carry! 
Represents 
a carry or borrow that occurred 


Borrow (C): 
in the most recent arithmetic operation. 
This 


bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


-INTERRUPT 
There are six different 
types of interrupt: 
external inter- 


rupts 
(lNT, 
INT», 
internal 
timer 
interrupts 
(TIMER, 


TIMER», 
seri~1 interrupt 
(SO) 
and interrupt 
by an instruc- 


tion (SWI). 


1~1 
$FF~SP 
O~DDR'S 
CLRINT Logic 
$FF~TDR 
$7F~Timer Prescaler 
$50~TCR 
$3F~SSR 
$OO~SCR 
$7F-MR 


Of these six mterrupts, 
the INT> and TIMER or the SCI 


and TIMER> generate the same vector address, respectively. 


When an interrupt 
occurs, the program in progress stops 


and the then CPU status is saved onto the stack. 
And then, 


the interrupt 
mask bit (I) of the condition 
code register is 


set and the start address of the interrupt 
processing routine 


is obtained 
from a particular interrupt 
vector address. Then 


the interrupt 
routine 
starts from the start address. 
System 


can exit from the interrupt 
routine by an RTI instruction. 


When this instruction 
is executed, 
the CPU status before 


the interrupt 
(saved onto 
the stack) is pulled and the CPU 


restarts the sequence with the instruction 
next to the one at 


which the interrupt 
occurred. 
Table 
I lists the priority 
of 


interrupts and their vector addresses. 


Interrupt 
Priority 
Vector Address 


RES 
1 
$lFFE, 
$lFFF 


SWI 
2 
$lFFC, 
$lFFD 


INT 
3 
$lFFA, 
$lFFB 


TIMER/INT> 
4 
$lFF8, 
$lFF9 


SCI/TiMER> 
5 
$lFF6, 
$lFF7 


A flowchart of the interrupt 
sequence is shown in Fig. 7. 
A block diagram of the interrupt 
request source is shown in 


Fig. 8. 
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In the block diagram, both the external interrupts INT and 


INT2 are edge trigger inputs. 
At the falling edge of each input, 
an interrupt 
request is generated and latched. 
The INT inter- 


rupt request 
is automatically 
cleared if jumping is made to 


the INT processing routine. 
Meanwhile, the INT2 request is 


cleared if "0" is written in bit 7 of the miscellaneous register. 


For 
the 
external 
interrupts 
(INT, INT2), internal 
timer 


interrupts 
(TIMER, TIMER2) and serial interrupt 
(SCI), each 


interrupt 
request is held, but not processed, if the I bit of the 


condition 
code register is set. 
Immediately 
after the I bit is 


cleared, the corresponding 
interrupt 
processing starts accord- 


ing to th!.£.li0rity. 
The INT2 interrupt 
can be masked by setting bit 6 of the 


miscellaneous register; the TIMER interrupt 
by setting bit 6 


of the timer control register; the SCI interrupt 
by setting bit 


5 of the serial status register; and the TIMER2 interrupt 
by 


setting bit 4 of the serial status register. 
The status of the INT terminal can be tested by a BIL or 


BIH instruction. 
The INT falling edge detector 
circuit and 


its latching circuit are independent 
of testing by these instruc- 


tions. This is also true with the status of the INT2 terminal. 


• Miscellaneous 
Register 
(MR; $OOOA) 


The interrupt 
vector 
address 
for the 
external 
interrupt 


INT2 is the same as that for the TIMER interrupt, 
as shown 


in Table I. 
For this reason, a special register called the miscel- 


laneous 
register 
(MR; 
SOOOA) is available to control 
the 
rnr. interrupts. 


Falling Edge Detector 
I 


Bit 7 of this register is the INT2 interrupt 
request flag. 


When the falling edge is detected 
at the INT2 terminal, "I" 


is set in bit 7. 
Then the software in the interrupt 
routine 
(vector 
addresses: 
SIFF8, 
SIFF9) 
checks bit 7 to see if it 
is INT2 interrupt. 
Bit 7 can be reset by software. 


Miscellaneous Register (MR;$OOOA) 


76543210 


~ 


~ 
:~terruPt Mask 
--------INT2 
Interrupt 
Request Flag 


Bit 6 is the INT2 interrupt mask bit. If this bit is set to "I", 


then the INT2 interrupt 
is disabled. 
Both read and write are 
possible with bit 7 but "I" 
cannot be written in this bit by 


software. 
This means that an interrupt 
request by software 
is impossible. 


When reset, bit 7 is cleared to "0" and bit 6 is set to "I" . 


-TIMER 
Figure 9 shows an MCV timer block diagram. 
The timer 
data register is loaded by software 
and, upon 
receipt of a 


clock 
input, 
begins to count 
down. 
When the timer 
data 
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register 
(TDR) 
becomes 
"0", 
the 
timer 
interrupt 
request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt 
request, the MCV saves its status into the stack 
and 
fetches 
timer interrupt 
routine 
address from addresses 


$IFF8 
and $IFF9 
and execute 
the interrupt 
routine. 
The 
timer interrupt 
can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. 
The mask bit 


(I) in the condition 
code register can also mask the timer 
interrupt. 


The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator 
clock divided by 4). 
If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 
Once the timer count 
has reached "0", it starts counting 


down with "$FF". 
The count 
can be monitored 
whenever 
desired by reading the timer data register. This permits the 
program to know the length of time haVing passed after the 
occurrence 
of a timer interrupt, 
without 
disturbing the con- 
tents of the counter. 


When the MCV is reset, both the prescaler and counter are 
initialized 
to 
logic 
"I". 
The 
timer 
interrupt 
request 
bit 


(bit 7) then is cleared and the timer interrupt 
mask bit (bit 


6) is set. 


To clear the timer interrupt 
request bit (bit 7), it is neces- 


sary to write "0" in that bit. 


TCR7 


o 


TCR6 


o 


• Timer Control Register ITCR, $0009) 
Selection 
of a clock source, selection 
of a prescaler fre- 


quency division ratio, and a timer interrupt 
can be controlled 


by the timer control register (TCR; $0009). 


For the selection of a clock source, anyone 
of the four 


modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L Prescaler division ratio selection 


Prescaler initialize 
---------Clock 
input source 


Timer 
interrupt 
mask 
Timer 
interrupt 
request 


After reset, the TCR is initialized to "E under timer termi- 


nal control" 
(bit 5 = 0, bit 4 = I). 
If the timer terminal is 


"I", 
the counter starts counting down with "$FF" immediate- 


ly after reset. 


When "I" 
is written 
in bit 3, the prescaler is initialized. 


This bit always shows "0" when read. 


Table 2 
Clock Source Selection 


TCR 


Bit 5 
Bit 4 
Clock input source 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


(Internal 
Clock) 
E 
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A prescaler division ratio is selected by the comb ination of 


three bits (bits 0, I and 2) of the timer control register (see 
Table 3). There are eight different division ratios: ';-J, ';-2,+4, 
';-8, ';-16, ';-32, .;-64 and ';-128. After reset, the TCR is set to the 
.;-1mode. 


TCR 


Bit 2 
Bit 0 


Prescaler 
division 
ratio 
Bit 1 


0 
0 
0 
';-1 


0 
0 
1 
.;-2 


0 
1 
0 
';-4 


0 
1 
1 
.;-B 


1 
0 
0 
';-16 


1 
0 
1 
.;-32 


1 
1 
0 
.;-64 


1 
1 
1 
';-12B 


A timer interrupt 
is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "I". 
When a timer 
interrupt 
occurs, "I" 
is set in the timer interrupt 
request bit. 


This bit can be cleared by writing "0" in that bit. 


-SERIAL 
COMMUNICATION 
INTERFACE 
(SCIl 


This interface is used for serial transmission or reception 


of 8-bit data. 
Sixteen transfer rates are available in the range 


from 1 IlS to approx. 32 ms (for oscillation at 4 MHz). 


The SCI consists of three registers, one eighth counter and 


onc prcscaler. (See Fig. 10.) SCI communicates 
with the CPU 


via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. 
Described below are the operations 
of 


each register and data transfer. 


ru{i-_., 


C5(CK) 
: 
I 


I 
II 
I 
I 
II 
I 
C6(Rx) 
: 
---.I 
C7~ 
I 
I 
L 
J 


Transfer 
Clock 
Generator 
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• Data Transmission 
By writing the desired control 
bits into the SCI control 
registers, a transfer 
rate and a source of transfer clock are 


determined 
and bits 7 and 5 of port C are set at the serial 


data output 
terminal 
and the serial clock terminal, 
respec- 


tively. 
The transmit data should be stored from the accumu- 


lator or index register into the SCI data register. 
The data 


written 
in the SCI data register is output 
from the C7/Tx 


terminal, 
starting 
with 
the 
LSB, synchronously 
with 
the 


falling edge of the serial clock. (See Fig. 11.) When 8 bits of 
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SCR7 


o 


SCR6 


o 


SCR5 
SCR4 
Clock source 
Cs terminal 


0 
0 
- 
Used as I/O terminal (by 


0 
1 
- 
DDR). 


1 
0 
Internal 
Clock output (DDR output) 


1 
1 
External 
Clock input (DDR input) 


Bit 7 (SCR7) 


When this bit is set, the DOR corresponding 
to the C7 
becomes ")" 
and this terminal serves for output 
of SCI data. 
After reset, the bit is cleared to "0". 


Bit 6 (SCR6) 


When this bit is set, the OOR corresponding 
to the C. 


becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 
• 


Bits 5 and 4 (SCR5, SCR4) 
These bits are used to select a clock source. 
After reset, 
the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 
These bits are used to select a transfer clock rate. After 


reset, the bits are cleared to "0". 


SCR3 
SCR2 
SCR1 
SCRO 
Transfer clock rate 


4.00 MHz 
4.194 MHz 


0 
0 
0 
0 
1 1-16 
0.951-1s 


0 
0 
0 
1 
21-1s 
1.911-15 


0 
0 
1 
0 
41-1s 
3.821-15 


0 
0 
1 
1 
81-1s 
7.641-1s 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
327681-1s 
1/325 


esel Dlta 
Rigiitar 
(SDR; $0012) 


A serial-parallel conversion register that is used for transfer 


of data. 


Bit 7 (SSR7) 
Bit 7 is the SCI interrupt 
request bit which is set upon 


completion 
of 
transmitting 
or 
receiving 8-bit 
data. 
It is 


cleared when reset or data is written 
to or read from the 


SCI data register with the SCR5="I". 
The bit can also be 
cleared by writing "0" in it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER, interrupt request bit. 
TIMER, is used 


commonly 
with the serial clock generator, 
and SSR6 is set 


each time the internal 
transfer clock falls. When reset, the 


bit is cleared. 
It also be cleared by writing "0" 
in it. (For 


details, see TIMER,.) 


Bit 5 (SSR5) 


Bit 5 is the SCI interrupt 
mask bit which can be set or 
cleared by software. 
When it is "I", 
the SCI interrupt (SSR7) 
is masked. When reset, it is set to ")". 


Bit 4 (SSR4) 
Bit 4 is the TIMER, 
interrupt 
mask bit which can be set 


or cleared by software . When the bit is "I", 
the TIMER, 


interrupt (SSR6) is masked. When reset, it is set to "I" 


Bit 3 (SSR3) 
When ")" 
is written in this bit, the prescaler of the transfer 
clock generator is initialized. 
When read, the bit always is "0". 


Bits 2 - 0 
Not used. 


SSR7 
o 


SCI interrupt request 


Absent 


SSR6 
o 


TIMER, interrupt request 


Absent 


Present 


SSR5 
o 


SCI interrupt mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER, interrupt mask 


Enabled 


Disabled 


data have been transmitted, 
the interrupt 
request bit is set in 


bit 7 of the SCI status register with the rising edge of the 
last serial clock. This request can be masked by setting bit 5 
of the SCI status register. Once the data has been sent, the 8th 
bit data (MSB) stays at the C,/Tx 
terminal. If an external 


clock source has been selected, the transfer rate determined by 
bits 0 - 3 of the SCI control register is ignored, and the C, / 
CK terminal 
is set as input. 
If the internal clock has been 


selected, the c,/CK terminal is set as output and clocks are 
output 
at the transfer rate selected by bits 0 - 3 of the SCI 


con trol register. 


• Data Reception 


By writing the desired control 
bits into the SCI control 


register, a transfer rate and a source of transfer clock are de- 
termined 
and bit 6 and 5 of port C are set at the serial data 


input 
terminal 
and the 
serial clock terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 


system is ready for receiving data. 
(This procedure 
is not 


needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 


The data from the C6/Rx 
terminal 
is input 
to the SCI 


data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig. 11). When 8 bits of data have been re- 
ceived, the interrupt 
request 
bit is set in bit 7 of the SCI 


status register. 
This request can be masked by setting bit 5 


of the SCI status register. If an extemal clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored and the data is received synchro- 


nously with the clock from the C, /CK terminal. If the internal 
clock has been selected, the C,/CK 
terminal is set as output 


and clocks are output 
at the transfer rate selected by bits 0 - 


3 of the SCI control register. 


.TIMER2 
The SCI transfer clock generator 
can be used as a timer. 


The clock selected by bits 3 - 
0 of the SCI control register 


(4 J.ls - 
approx. 32 ms (for oscillation at 4 MHz)) is input to 


bit 6 of the SCI status 
register and the TlMER2 interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt 
requests 
occur periodically, 
TlMER2 can be used as a 


reload counter or clock. 


CD 
: Transfer clock generator is reset and mask bit 
(bit 4 
of sel 
status register) is cleared. 
oo.@ :TIMER2 
interrupt 
request 


@.@ :TIMER1 
interrupt 
request bit cleared 


TIMER2 is commonly 
used with the SCI transfer clock 
generator. 
If wanting to use TlMER2 independently 
of the 


SCI, specify "External" 
(SCRS = 1, SCR4 = I) as the SCI 


clock source. 


If "Internal" 
is selected as the clock source, 
reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


-I/O PORTS 


There are 32 input/output 
terminals (ports A, B, C, G). 


Each I/O terminal 
can be selected for either input or output 


by the data direction register. 
More specifically, an I/O port 
will be input if "0" is written 
in the data direction register, 
and output 
if "I" 
is written 
in the data direction 
register. 


Port A, B or C reads latched data if it has been programmed 
as output, even with the output 
level being fluctuated 
by the 
output 
load. (See Fig. 12-a.) For port G, in such a case, the 


level of the pin is always read when it is read. (See Fig. 12-b.) 
This implies that, even when "I" 
is being output, port G may 


read "0" 
if the load condition 
causes the output 
voltage to 
decrease to below 2.OV . 


When reset, the data direction register and data register go 
to "0" and all the input/output 
terminals are used as input. 


Bit of data 
Bit of 
Status of 
direction 
output 
Input to 
register 
data 
output 
CPU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3'state 
Pin 
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There are 16 output-only 
terminals (ports E and F). Each 


of them can also read. 
In this case, latched data is read even 


with the output 
terminal level being Ouctuated by the output 


load (as with ports A, B and C). 
When reset, "Low" level is output from each output terminal. 


Seven input-only 
terminals are available (port D). Writing 


to an input terminal is invalid. 


All input/output 
terminals, 
output 
terminals 
and input 


terminals 
are TTL compatible 
and CMOS compatible 
in re- 


spect of both input and output. 


If I/O ports or input ports are not used, they should be 


connected to V55 via resistors. 
With none connected to these 


terminals, 
there is the possibility of power being consumed 


despite that they are not used. 


-RESET 
The MCV can be reset either by external reset input (RES) 


or power-on reset. 
(See Fig. 13.) 
On power up, the reset 
input must be held "Low" for at least 30 ms to assure that the 
internal oscillator is stabilized. 
A sufficient time of delay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 14. 


HD6305YO 


MCU 


-INTERNAL 
OSCILLATOR 


The 
internal 
oscillator 
circuit 
is designed to meet the 


requirement 
for minimum external configurations. 
It can be 


driven by connecting 
a crystal (AT cut 2.0 - 
8.0MHz) or 


ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 
Three different terminal connections are shown in Fig. 15. 
Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 


EXTAL 


i·o-a:.OMHZ= 
XTAL 
HD6305YO 
MCU 
10-22pF±20% 


Crystal Oscillator 


CL1 
E"o 


EXTAL 


XTAL 
HD6305YO 
MCU 


External 
Ceramic Oscillator 


Clock 
Input 
EXTAL 


NC 
XTAL HD6305YO 
MCU 


C, 


~~ 
XTAL~0EXTAL 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=2.0-a.OMHz 
Rs=6()Q max. 


INOTE] 
Use as short wirings as possible for connection of the crystal 
with 
the 
EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings to cross others. 
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-LOW 
POWER 
DISSIPATION 
MODE 


The HD6305YO has three low power dissipation modes: 
wait, stop and standby. 


.Wait 
Mode 
When WAIT instruction 
being executed, 
the MCU enters 


into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions 
- 
the timer and the serial communication 
inter- 


face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication 
interface can no longer 


be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals 
hold their condition 
just before entering into the 


wait mode. 
The escape from this mode can be done by interrupt (INT, 
TIMER/INT. 
or SCI/T1MER.), 
RES or STBY. 
The RES 


resets the 
MCU and the STBY brings it into the standby 


mode. (This will be mentioned later.) 


When interrupt 
is requested to the CPU and accepted. the 


wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt 
routine. 
If the interrupt is 


masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. 
If an interrupt 
other than the INT (i.e., 
TIMER/INT. 
or SCI/T1MER.) is masked by the timer control 


register, miscellaneous 
register or serial status register, there 


is no interrupt 
request to the CPU, so the wait mode cannot 


be released. 


Fig. 18 shows a flowchart for the wait function. 


• Stop Mode 
When STOP instruction 
being executed, 
MCU enters into 


the stop mode. In this mode, the oscillator stops and the CPU 
and 
peripheral 
functions 
become 
inactive 
but 
the 
RAM, 


registers and I/O terminals 
hold their condition just before 


entering into the stop mode. 


The escape from this mode can be done by an external 
interrupt 
(INT or INT.), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 


When interrupt 
is requested 
to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt 
routine. 
If the inter- 


rupt is masked by the I bit of the condition 
code register, 
after 
releasing from the stop mode, the MCU executes the 
instruction 
next te the STOP. If the INT. interrupt is masked 
by the miscellaneous register, there is no interrupt 
request to 
the MCU, so the stop mode cannot be released. 


Fig. 19 shows a flowchart 
for the stop function. 
Fig. 20 
shows a timing chart of return to the operation 
mode from 
the stop mode. 


For releasing from the stop mode by an interrupt, 
oscilla- 


tion starts upon input of the interrupt 
and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 
For restarting by RES, oscillation starts when the RES goes 
"0" and the CPU restarts when the RES goes "I". 
The dura- 
tion of RES="O" must exceed 30 ms to assure stabilized oscil- 
lation. 


• Standby 
Mode 
The MCU enters into the standby mode when the STBY 
terminal goes "Low". 
In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold_ The I/O terminals 
turn 
to high-impedance 
state. The 
standby mode should escape by bringing STBY "High". 
The 
CPU must be restarted 
by reset. 
The timing of input signals 
at the RES and STBY terminals is shown in Fig. 21. 


Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 22. 


(Note) 


When I bit of condition 
code register is "1" and interrupt 
(INT, TIMER/INT., 
SCI/TIMER.) 
is held, MCU does not enter 
WAIT mode by the execution of WAIT instruction. 
In that case, after the 4 dummy cycles MCU executes 
the 
next instruction. 
In the same way, when external interrupts 
(INT, INT.) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU, TIMER, SCI, 
I/O and All 
Other Functions 


Fetch 
Instruction 


Load PC from 
Interrupt 
Vector 


Addresses 
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Oscillator and 
All Clocks Stop. 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Fetch 
Instruction 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 


Addresses 


• 
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Oscillator 
~ 


oscillator~ 


E~ 


I 
STOP instruction 
executed 


Time required 
for oscillation 
to become 


stabilized 
(tose) 


\~---('l>-- _~I 


'i 
i 'J 


I 
I 
, 
I 
I 
, 
I 
I 
I 
I 
I 
1 


I 
1 
, 
I 
'--"--'--- 


Condition 


Mode 
Start 
Oscil- 
Timer. 
1/0 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT 
in- 
STBY. 
RES.INT, 
INT1• 
WAIT 
struction 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft- 
TIMER, 
TIMER" 
SCI 
- 
ware 
STOP 
STOP in- 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY. 
RES, INT, 
INT1 
struction 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im- 
STBY="High" 
by 
ware 
pedance 
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Figure 
22 
Transitions 
among 
Active 
Mode, 
Wait Mode, 
Stop 
Mode, 
Standby 
Mode and Reset 


-BIT 
MANIPULATION 


The 
HD6305YO 
MCV 
can 
use 
a single 
instruction 
(BSET 


or BCLR) 
to set or clear 
one 
bit of the RAM within 
page 0 or 


an 
I/O 
port 
(except 
the 
write-only 
registers 
such 
as the 
data 


direction 
register). 
Every 
bit of memory 
or I/O within 
page 0 


($00 
- 
$FF) 
can be tested 
by the 
BRSET 
or BRCLR 
instruc- 


tion; 
depending 
on 
the 
result 
of 
the 
test, 
the 
program 
can 


branch 
to required 
destinations. 
Since bits in the RAM on page 


0, or I/O can be manipulated, 
the user may use a bit within 
the 


RAM 
on 
page 
0 
as 
a flag 
or 
handle 
a single 
I/O 
bit 
as an 


independent 
I/O 
terminal. 
Fig. 
23 
shows 
an example 
of bit 


manipulation 
and 
the 
validity 
of 
test 
instructions. 
In 
the 


example, 
the program 
is configured 
assuming 
that 
bit 0 of port 


A is connected 
to a zero cross detector 
circuit 
and bit 
I of the 


same port 
to the trigger 
of a triac. 
The 
program 
shown 
can 
activate 
the 
triac 
within 
a time of 


IOj.ts from 
zero-crossing 
through 
the 
use 
of only 
7 bytes 
on 


the 
ROM. 
The 
on-chip 
timer 
provides 
a required 
time 
of 


delay 
and pulse width 
mudulation 
of power 
is also possible. 


BACLA 
0, POAT A, SELF 1 
BSET 1, POAT A 
BCLA I, POAT A 


-ADDRESSING 
MODES 


Ten 
differenl 
addressing 
modes 
are 
available 
to 
the 


HD6305YO 
MCV. 


the program. 
This 
access 
requires 
an instruction 
length 
of 2 bytes. 
The 
effective 
address 
(EA) 
is PC and 
the 
operand 
is fetched 
from 
the byte 
that 
follows 
the operation 
code. 


• Direct 
See Fig. 25. 
In the 
direct 
addressing 
mode, 
the 
address 
of 
the 
operand 
is contained 
in the 
2nd 
byte 
of the 
instruction. 


The 
user 
can 
gain 
direct 
access 
to 
memory 
up 
to 
the 
lower 
255th 
address. 
192 byte 
RAM 
and 
I/O registers 
are on page 0 


of 
address 
space 
so that 
the 
direct 
addressing 
mode 
may 
be 


utilized. 


• Extended 
See Fig. 
26. 
The 
extended 
addressing 
is used 
for referenc· 
ing 
to 
all addresses 
of 
memory. 
The 
EA is the 
contents 
of 
the 
2 
bytes 
that 
follow 
the 
operation 
code. 
An 
extended 
addressing 
instruction 
requires 
a length 
of 3 bytes. 


• Relative 
See 
Fig. 
27. 
The 
relative 
addressing 
mode 
is used 
with 


branch 
instructions 
only. 
When 
a branch 
occurs, 
the program 


counter 
is loaded 
with 
the 
contents 
of the 
byte 
follOWing the 
operation 
code. 
EA = (PC) 
+ 2 + ReI., 
where 
ReI. indicates 
a 
signed 
8-bit 
data 
following 
the 
operation 
code. 
If no branch 


occurs, 
ReI. 
= O. 
When 
a branch 
occurs, 
the 
program 
jumps 
to any byte 
in the 
range 
+ 129 to -127. 
A branch 
instruction 
requires 
a length 
of 2 bytes. 


• Indexed 
(No Offset) 
See 
Fig. 
28. 
The 
indexed 
addressing 
mode 
allows 
access 


.lmmedia18 
up 
to 
the 
lower 
255th 
address 
of memory. 
In this 
mode, 
an 


See 
Fig. 
24. 
The 
immediate 
addressing 
mode 
provides 
instruction 
requires 
a 
length 
of 
one 
byte. 
The 
EA 
is the 
access 
to a constant 
which 
does 
not 
vary 
during 
execution 
of 
contents 
of the index 
register. 
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elndexed 
(S-bit Offsetl 
See Fig. 29. 
The EA is the contents 
of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 5 II th address of 
memory. 
Each instruction when used in the index addressing 


mode (B·bit offset) requires a length of 2 bytes. 


elndexed 
(16-bit Offset) 
See Fig. 30. 
The contents 
of the 2 bytes following the 


operation 
code are added to content 
of the index register 
to compute 
the value of EA. 
In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16·bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 31. This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. The lower 3 bits of the operation code specify the bit to 
be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


e Bit Test and Branch 
See Fig. 32. This addressing mode is applied to the BRSET 


and BRCLR instructions 
that can test any bit within page 0 


and can be branched 
in the relative addressing mode. 
The 


byte to be tested is addressed depending on the contents of 
the byte following the operation code. 
Individual bits within 


the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 


long. The value of the test bit is written in the carry bit of the 
condition code register. 


elmplied 
See Fig. 33. 
This mode involves no EA. All information 


needed 
for execution 
of an instruction 
is contained 
in the 


operation 
code. 
Direct 
manipulation 
on the 
accumulator 


and index register is included in the implied addressing mode. 
Other instructions 
such as SWI and RTI are also used in this 


mode. 
All instructions 
used in the implied addressing mode 


should have a length of one byte. 


I 
Memory 


. 
! 


~ 


F8 


Index Reg 
I 
Stack 
POint 
I 
Prog 
Count 
oseo 
ccI 


EA 


Memory 
0048 


20 


'"del( e9 


Stack-lo-,nt--- 


Prog loont 
052F 


CC 


:1 
::::::: 
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Memory 


~ 


PROG LOA CAT 0409 
040A 
0408 


Indu 
Reg 


I 


Stack 
POlOt 
I 
Prog Count 


040C 
CCI 


EA 


Memory 
04C1 


~ 


~ 
i 
: 


I 
Index 
Reg 


I 


Stack 
POint 
I 


Prog Count 


04Cl 


CC 


EA 


Memory 
0088 


, 
, 


PROG LOA X 05'4 
~ 


~ 


Stack 
POlOt 
I 


Prog Count 


05F5 


I;::CC::::::::: 


Figure 28 
Example of Indexed (No Offset) Addressiros 
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TABl 
FCB ~ BF 
0089 
BF 


FCB .86 
o08A 
86 
FCB •• DB 
008B 
DB 


FC8 • CF 
008C 
CF 


, 
. 
, 
.§ 


, 
, 


CF 
Index Reg 
03 
Stack 
Point 
I 
Prog 
Count 
075D 


CCI 


EA 


Memory 
0780 


~ 
, 
. 


PROG lOA 
TABl.X 
0692 
06 


0693 
07 
0694 
7E 


TABl 
FCB IIBF 
077E 
SF 


FCB "86 
077F 
86 
FC8 It DB 
0780 
08 


FCe ItCF 
0781 
CF 


OB 
Index 
eg 


02 
Stack 
OInt 
I 
Prog 
Count 


0695 


CC 
I 


~I 
: 
, 
, 


A 
I 
Index Reg 
I 


Stack 
POInt 
I 
Prog 
Count 
0591 


CCI 


Figure 31 
ExamDle of Bit Set/Clear Addressing 
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PROG 
BRCLR 2.PORT 
C.PROG 
20574 
0575 
0576§ 


; 
I 


A 
I 
Index 
Reg 
I 
:taCk PO'"! 


rog bount 
0594 
CC 


~ 
..",..,,~~ 


~, 
, 
, 
, 


-INSTRUCTION 
SET 


There are 62 basic instructions available to the HD6305YO 


MCV. 
They can be classified into 
five categories: register/ 


memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 


control. 
The details of each instruction 
are described 
in 


Tables 5 through 11. 


• Register/Memory 
Instructions 


Most of these instructions use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305YO MCV. 
There is no register operand in the uncon- 
ditional 
jump 
instruction 
(JMP) and the 
subroutine 
jump 


instruction (JSR). See Table 5. 


• Read/Modify /Write Instructions 


These instructions 
read a memory or register, then modify 


or test its contents, 
and write the modified value into the 


memory 
or register. 
Zero test instruction 
(TST) does not 


write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


E5 
Index 
eg 


E5 
Stack 
Oint 
I 
Prog Count 
0588 
CC 
I 


• Branch Instructions 
A branch instruction branches from the program sequence 


in progress if a particular condition is established. 
See Table 7. 


• Bit Menipulation 
Instructions 
These instructions 
can be used with any bit located up to 


the lower 255th address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control Instructions 
The control instructions control the operation of the MCV 


which is executing a program. See Table 9. 


• List of Instructions in Alphabetical Order 


Table 10 lists all the instructions used on the HD6305YO 


MCV in the alphabetical order. 


• Operation Code Map 
Table 11 shows the operation code map for the instructions 


used on the MCV. 
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Addressing 
Model 


Indexed 
Indexed 
Indexed 
Boolean/ 
Condition 


Operationl 
Mnemonic 
Arithmetic 
Cod. 


Immediate 
DIrect 
Extended 
INo Offset) 
18-BO'Offsetl 
('S-Bol Otbetl 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Loed A from Memory 
LOA 
A8 
Z 
2 
86 
2 
3 
C6 
3 
4 
F6 , 
3 
E6 
2 
4 
06 
3 
5 
M-A 
·· ~ ~ • 


Load X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
• • 
I ~ • 
---- 


STA 
87 
2 
3 
C7 
3 
4 
F7 
1 
E7 
2 
4 
07 
3 
5 
A-M 
Store A In Memory 
- - - 
4 
• • ~ ~· 
Store 
X In Memory 
STX 
- - - 
8F 
2 
3 
CF 
3 
4 
FF 
1 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
· • ~ ~ • 
Add Memory 
to A 
ADD 
A8 
2 
2 
88 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
A+M-·A 
~ • ~ I 


Add Memory 
and Carry 


to A 
AOC 
A9 
2 
2 
89 
2 
3 
C9 
3 
4 
F9 
1 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
· ~ I 


Subtract 
Memory 
SU8 
AO 
2 
2 
80 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A-M_A 
• • , 
I, 
I 


Subtract 
Memory 
from 


A with 
Borrow 
S8C 
A2 
2 
2 
82 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A-M-C-A 
• · ~ I ~ 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
2 
4 
04 
3 
5 
A· 
M-A 
· • 


I ~ • 
OR Memory 
WIth A 
ORA 
AA 
2 
2 
8A 
2 
3 
CA 
3 
4 
FA 
1 
3 
EA 
2 
4 
OA 
3 
5 
A+M-A 
• • , ~ • 
ExclUSive OR Memory 


with 
A 
EOR 
A8 
2 
2 
88 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
A~)M-A 
• • ~ ~ • 


ArithmetiC 
Compare 
A 


wIth 
Memory 
CMP 
Al 
2 
2 
81 
2 
3 
Cl 
3 
4 
Fl 
1 
3 
El 
2 
4 
0' 
3 
5 
A-M 
• • ~ ~ , 


ArithmetiC 
Compare 
X 


wIth 
Memory 
CPX 
A3 
2 
2 
83 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
X-M 
• • ~ I 
I, 


Bit Test Memory 
with 


A (Logical 
Compare) 
81T 
A5 
2 
2 
85 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A-M 
·· ~ ~· 
Jump 
Unconditional 
JMP 
- 
- - 
8C 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 
··..· 
Jump 
to Subroutme 
JSR 
- 
- - 
80 
2 
5 
CD 
3 
6 
FO 
1 
5 
ED 
2 
5 
DO 
3 
S 
··..· 
Symbols: 
Op - Operation 
II 
• Number 
of bytes 


- 
- Number 
of cycles 


Addressing 
Modes 


Indexed 
Indned 
Condition 


Opentions 
Mnemonic 
Boolean/Arithmetic 
Operation 
Cod. 
ImplledlA) 
ImphedlX) 
Direct 
(No Offset) 
18-80' Offsetl 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
1 
N 
Z 
C 


Increment 
INC 
4C , 
2 
5C , 
2 
3C 
2 
5 
7C , 
5 
6C 
2 
6 
A+l-A 
or X+l_X 
or M+l-M ·· ~ ~ • 
Decrement 
OEC 
4A , 
2 
5A , 
2 
3A 
2 
5 
7A 
1 
5 
6A 
2 
6 
A-l-A 
or X-l-X 
or M-l_M 
• • ~ ~ • 


Clear 
CLR 
4F 
1 
2 
5F 
1 
2 
3F 
2 
5 
7F 
1 
5 
6F 
2 
6 
OO-A 
or OO-X 
or OO-M 
·· 


0 
1 · 
Complement 
COM 
43 
1 
2 
53 
1 
2 
33 
2 
5 
73 
1 
5 
63 
2 
6 
A-A or X-X 
or M-M 
• • ~ ~ 
1 


Negate 
OO-A-A 
or OO-X-X 


(2's 
Com~ement) 
NEG 
40 
1 
2 
50 
1 
2 
30 
2 
5 
70 
1 
5 
60 
2 
6 
or OO-M-M 
• • ~ ~ ~ 


Rotate 
Left Thru 
Carry 
ROL 
49 , 
2 
59 
1 
2 
39 
2 
5 
79 
1 
5 
69 
2 
6 lfub. 


AorXorU 
Oo~ · • ~ ~ ~ 
I I I I I I I 


Rotate 
Right 
Thru Carry 
ROR 
46 
1 
2 
56 
1 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 LEHb. I-i-H-' 


Oo~ · • ~ ~ I 


C 
I 
I 


c 
b. 
00 
Logical 
Shift 
Left 
LSL 
48 , 
2 
58 
1 
2 
38 
2 
5 
78 
1 
5 
68 
2 
6 [J---l I ~~:'HI I 
)---0 · • ~ ~ ~ 


b. 
.. 
C 


Logical 
Shift 
Right 
LSR 
44 
1 
2 
54 
1 
2 
34 
2 
5 
74 
1 
5 
64 
2 
6 
0--1 I I-H"-: ••I , 1-0 
• · 


0 ~ ~ 


ArithmetiC 
Shift 
Right 
ASR 
~ .. 


00 
C 
~ ~ 
47 
1 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
I-H"-:"I I 1-0 
• · ~ 
I 


ArithmetiC 
Shift 
Left 
ASL 
48 
1 
2 
58 
1 
2 
38 
2 
5 
78 
1 
5 
68 
2 
6 
Equal to lSL 
• • ~ ~ ~ 


Test for 
NegatlYfl 


or Zero 
TST 
40 
1 
2 
50 
1 
2 
3D 
2 
4 
70 
1 
4 
60 
2 
5 
A-OO 
or X-OO 
or M-OO 
· • ~ ~ • 


Symbols; 
Op· 
Operation 


II 
- Number 
of bytes 


- 
• Number 
of cycles 
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Addressing 
Modes 


Condition 
Code 
Operations 
Mnemonic 
Relative 
Branch Test 


OP 
1* 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 
Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 


Branch 
IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 


Branch 
IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=l 
• • • • • 


Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 


(Branch 
IF Higher 
or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=l 
• • • • • 


(Branch 
IF lower) 
(BlO) 
25 
2 
3 
C=l 
• • • • • 


Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 


Branch 
IF Equal 
BEa 
27 
2 
3 
Z=l 
• • • • • 


Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 


Branch 
IF Half 
Carry 
Set 
BHCS 
29 
2 
3 
H=l 
• • • • • 


Branch 
IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 


Branch 
IF Minus 
BMI 
2B 
2 
3 
N=l 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 


Branr.h 
IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 


Branch 
IF Interrupt 
Line 


is low 
Bil 
2E 
2 
3 
INT=O 
• • • • • 


Branch 
IF Interrupt 
Line 


is High 
BIH 
2F 
2 
3 
INT=l 
• • • • • 


Branch 
to 
Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols; 
Op :: Operation 
# 
:: Number 
of bytes 
-- 
= Number 
of cycles 


Addressing 
Modes 
Boolean! 
Condition 
Code 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch Arithmetic 
Branch 
Test 


OP 
II - 
OP 
II - 
Operation 
H 
I 
N 
Z 
C 


Branch 
IF Bit n is set 
BRSET n(n=O··· 
7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=1 
• • • • 
1\ 


Branch 
IF Bit n is clear 
BRCLR n(n=0· 
.. 7) 
- 
- - 
01+2·n 
3 
5 
- 
Mn=O 
• • • • 
1\ 


Set Bit n 
BSET n(n=O··· 
7) 
10+2·n 
2 
5 
- 
- 
- 
1~Mn 
- 
• • • • • 


Clear Bit n 
BCLR n(n=0 
.. ·7) 
11 +2·n 
2 
5 
- 
- 
- 
O~Mn 
- 
• • • • • 


Symbols: 
Op = Operation 
# 
""Number of bytes 


-- 
:: Number 
of cycles 
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Addressing Modes 


Condition Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
# 
- 
H 
I 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A~X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X~A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
I~C 
• • • • 
1 
Clear Carry Bit 
CLC 
9B 
1 
1 
O~C 
• • • • 
0 
Set Interrupt Mask Bit 
SEI 
9B 
1 
2 
1~1 
• 
1 • • • 
Clear Interrupt Mask Bit 
CLI 
9A 
1 
2 
O~I 
• 
0 • • • 
Software Interrupt 
SWI 
BJ 
1 
10 
• 
1 • • • 
Return from Subroutine 
RTS 
Bl 
1 
5 
• • • • • 
Return from Interrupt 
RTI 
BO 
1 
B 
? 
? 
? 
? 
? 


Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF~SP 
• • • • • 
No-Operation 
NOP 
9D 
1 
1 
Advance Prog. entr. Only 
• • • • • 
Decimal Adjust A 
DAA 
BD 
1 
2 
Converts 
binary 
add of BCD charcters 
Into 
• • 
1\ 
1\ 
1\. 
BCD 
format 
Stop 
STOP 
BE 
1 
4 
• • • • • 
Wait 
WAIT 
SF 
1 
4 
• • • • • 


Symbols: 
Op = Operation 


:Ii 
• Number of bytes 


- 
= Number 
of cycles 


Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set! 
Test & 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
(B-Ilit) 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


ADC 
X 
X 
X 
X 
X 
X 
1\ • 


1\ 
1\ 
1\ 


ADD 
X 
X 
X 
X 
X 
X 
1\ • 


1\ 
1\ 
1\ 


AND 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
ASl 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


ASR 
X 
X 
X 
X 
• • 


1\ 
1\ 
1\ 


BCC 
X 
• • • • • 
BClR 
X 
• • • • • 
BCS 
X 
• • • • • 
BEG 
X 
• • • • • 
BHCC 
X 
• • • • • 
BHCS 
X 
• • • • • 
BHI 
X 
• • • • • 


(BHS) 
X 
• • • • • 
BIH 
X 
• • • • • 
Bil 
X 
• • • • • 
BIT 
X 
X 
X 
X 
X 
X 
• • 


1\ 
1\ • 
(Blol 
X 
• • • • • 
BlS 
X 
• • • • • 
BMC 
X 
• • • • • 
BMI 
X 
• • • • • 
BMS 
X 
• • • • • 
BNE 
X 
• • • • • 
BPl 
X 
• • • • • 
BRA 
X 
• • • • • 


Condition 
Code 
Symbols: 
H 
Half Carry (From Bit 31 
I 
Interrupt Mask 
N 
Negative (Sign Bit) 
Z 
Zero 


Carry/Borrow 


Test 
and 
Set 
if True. 
Cleared 
Otherwise 


Not Affected 
Load CC Register From Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Incexed 
Indexed 
Indexed 
Setl 
Test 
& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
(B-Bit) 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 
1\ 


BRSET 
X 
• • • • 
1\ 


BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


CLC 
X 
• • • • 
0 


CLI 
X 
• 
0 • • • 


CLR 
X 
X 
X 
X 
• • 
0 
1 • 


CMP 
X 
X 
X 
X 
X 
X 
• • 
1\ 
.~ 
1\ 


COM 
X 
X 
X 
X 
• • 
1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


oAA 
X 
• • 
1\ 
1\ 
1\ 


oEC 
X 
X 
X 
X 
• • 
1\ 
1\ • 


EOR 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


INC 
X 
X 
X 
X 
• • 
,\ 
1\ • 


JMP 
X 
X 
X 
X 
X 
• • • • • 


JSR 
X 
X 
X 
X 
X 
• • • • • 


LOA 
X 
X 
X 
X 
X 
X 
• • 
r 
1\ • 


LOX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


LSL 
X 
x 
X 
X 
• • 
1\ 
1\ 
1\ 


LSR 
X 
x 
X 
X 
• • 
0 
1\ 
1\ 


NEG 
X 
x 
X 
X 
• • 
1\ 
1\ 
1\ 


NOP 
X 
• • • • • 


ORA 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 


ROL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ROR 
x 
x 
x 
x 
• • 


1\ 
1\ 
1\ 


RSP 
x 
• • • • • 


RTI 
x 
? 
? 
? 
? 
? 


RTS 
x 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 


STA 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


STOP 
x 
• • • • • 


STX 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SWI 
x 
• 
1 • • • 


TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 


1\ 
r. • 


TXA 
x 
• • • • • 


WAIT 
x 
• • • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 3) 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bit) 


Z 
Zero 


Carry/Borrow 
Test and Set if True. 
Cleared 
Otherwise 


Not 
Affected 
Load 
CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/Modify 
/Write 
Control 
Register /Memory 


Test & 
Set/ 


Branch 
Clear 
Rei 
OIR 
A 
X 
,Xl 
,XO 
IMP 
IMP 
IMM 
OIR 
EXT 
,X2 
,Xl 
,XO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F - 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI· 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
RTS· 
- 
CMP 
1 


2 
BRSETl 
BSET1 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLRl 
BLS 
COM 
SWI· 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
~ 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
TAX· 
- 
STA 
STA(+I) 
7 
8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CU" 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
-- 
SEI" 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP· 
- 
JMP(-11 
C 
0 
BRCLR6 
BCLR6 
BMS 
TSTI-l) 
TST 
TST(-1) 
OAA· 
NOP 
BSW 
JSR(+2) 
JSR(+l) 
JSRI+21 
0 


E 
BRSET7 
BSET7 
BIL 
- 
STOP· - 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT" TXA· 
- 
STX 
STXI+ll 
F 


3/5 
2/5 
2/3 
2/5 
1/2 
1/2 
2/6 
1/5 
11" 
1/1 
2/2 
2/3 
3/4 
3/5 
24 
1 3 


tNOTESI 
1. 
"_If 
is an undefined operation 
code. 


2. 
The lowermost 
numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycles). 


The 'number 
of cycles for the mnemonics 
asterisked 
(.) 
is as follows: 
RTI 
8 
TAX 
2 


RTS 
5 
RSP 
2 


SWI 
10 
TXA 
2 


DAA 
2 
8SR 
5 


STOP 
4 
ell 
2 
WAIT 
4 
SEI 
2 


3. 
The parenthesized 
numbers 
must be added to the cycle count of the particular 
instruction. 


• 
Additional 
Instructions 
The following 
new instructions 
are used on the HD630SYO: 
OM 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code, 


WAIT 
Causes the MCV to enter the wait mode. For this mode, 
see the topic, 
Wait Mode. 


STOP 
Causes the MCV to enter the stop mode. For this mode, 
see the topic, 
Stop Mode. 
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HD6305Y1 ,HD63A05Y1 ,HD63B05Y1-- 
HD6305Y2, HD63A05Y2, HD63B05Y2 
CMOS MCU (Microcomputer Unit) 


The 
HD6305Y 
I and 
the 
HD6305Y2 
<lIe CMOS 
8-bit 
single 


chip 
microcomputers. 
A CPU, 
a clock 
generator, 
a 256 
byte 


RAM, 
I/O 
terminals, 
two 
timers 
and 
a serial 
communication 


interface 
(SCIl 
are 
built 
in both 
chip 
of the 
HD6305Y 
1 and 


the 
HD6305Y2. 
Their 
memory 
spaces 
are expandable 
to 
16k 


bytes 
externally. 


The 
HD6305Y 
I and the HD6305Y2 
have the same functions 
as 
the 
HD630SYO's 
except 
for 
the 
number 
of 
I/O 
terminals. 


The 
HD6305Y 
I has 
7872 
byte 
ROM and 
its memory 
space 
is 
expandable 
to Bk bytes 
externally. 
The 
HD6305Y2 
is a micro- 


computer 
unit 
which 
includes 
no 
ROM 
and its memory 
space 


is expandable 
to 16k bytes 
externally. 


• HARDWARE 
FEATURES 


• 8-bit 
based 
MCU 
.7872 
bytes 
of internal 
ROM (H D6305Y 
1) 


No internal 
ROM (HD6305Y2) 


.256 
bytes 
of RAM 


• A total 
of 31 terminals, 
including 
24 I/O's, 
7 inputs 


_Two 
timers 
- 
8-bit 
timer 
with 
a 7-bit 
prescaler 
(programmable 
prescaler; 
event 
counter) 


15-bit 
timer 
(commonly 
used 
with 
the 
SCI clock 
divider) 


• On-chip 
serial interface 
circuit 
(synchronized 
with clock) 


.Six 
interrupts 
(two 
external, 
two 
timer, 
one 
serial 
and 
one 


software) 
• Low power 
dissipation 
modes 


- 
Wait. 
In this mode, 
the clock 
oscillator 
is on and the 


CPU 
halts 
but 
the 
timer/serial/interrupt 
func- 


tion 
is operatable. 


- 
Stop 
.... 
In 
this 
mode, 
the 
clock 
stops 
but 
the 
RAM 


data, 
I/O status 
and registers 
are held. 


- 
Standby 
.. 
In 
this 
mode, 
the 
clock 
stops, 
the 
RAM 
data 


is 
held, 
and 
the 
other 
internal 
condition 
is 


reset. 
• Minimum 
instruction 
cycle 
time 


- 
HD6305Yl/Y2 
.. 
IllS 
(f = 1 MHz) 


- 
HD63A05YlIY2 
.. 
0.67 IlS (f = 1.5 MHz) 


- 
HD63B05Yl/Y2 
.. 
0.51ls 
(f = 2 MHz) 


• Wide operating 
range 


VCC = 3 to 6V (f = 0.1 to 0.5 MHz) 


- 
HD6305Yl/Y2 
f = 0.1 to 1 MHz (VCC = 5V ± 10%) 


- 
HD63A05Y1/Y2 
.. 
f = 0.1 to 
1.5 MHz (VCC = 5V ± 10"1b) 


- 
HD63B05Yl/Y2 
.. 
f = 0.1 to 2 MHz (VCC = 5V ± 10"1b) 


• System 
development 
fully 
supported 
by 
an 
evaluation 
kit 


• SOFTWARE 
FEATURES 


.Similar 
to HD6800 


• Byte efficient 
instruction 
set 
• Powerful 
bit manipulation 
instructions 
(Bit Set, Bit Clear, 
and 


Bit Test 
and Branch 
usable 
for 192 byte 
RAM bits within 
page 


o and all I/O terminals) 


• A variety 
of interrupt 
operations 


• Index 
addressing 
mode 
useful 
for table 
processing 


• A variety 
of conditional 
branch 
instructions 


• Ten powerful 
addressing 
modes 


HD6305Y1P, 
HD63A05Y1P, 


HD63B05Y1P, 
HD6305Y2P, 


HD63A05Y2P, 
HD63B05Y2P 


HD6305Yl 
F, HD63A05Y1 
F, 


HD63B05Y1 
F, HD6305Y2F, 


HD63A05Y2F, 
HD63B05Y2F 


• All addressing 
modes 
adaptable 
to RAM, and I/O instructions 
• Three 
new 
instructions, 
STOP, 
WAIT 
and 
DAA, 
added 
to the 
HD6805 
family 
instruction 
set 
.1 nstructions 
that 
are upward 
compatible 
with 
those 
of Moto- 


rola's 
MC6805P2 
and MC146805G2 
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• PIN ARRANGEMENT 
• 
HD6305Y1P. 
HD63A05Y1P. 
HD63B05Y1P. 
HD6305Y2P. 
HD63A05Y2P. 
HD63B05Y2P 
• 
HD6305Y1F. 
HD63A05Y1F. 
HD63B05Y1F. 


HD6305Y2F. 
HD63A05Y2F. 
HD63B05Y2F 


Vss 
RES 


INT 
ST8Y 
XTAL 
EXTAL 
NUM 
TIMER 
A, 
A. 
A. 
A. 
A, 
A, 
A, 
AD 
8, 
8. 
8. 
8. 
8, 
8, 
8, 
80 
C,/Tx 
C./Rx 
C./Ei< 
C. 
c, 
C, 
C, 
Co -'-------- 


DATA. 
DATA, 


O"'T"', 
O"'T"', 
O"'TA. 


O •••T •••• 
O••. 
T••.• 
O"'T"', 


E 


R/W 
ADRu 


ADR12 
ADR" 


ADR10 
"'DR. 
"'OR. 
"'OR, 
"'OR. 
"'OR. 
"'OR. 
"'OR, 
"'OR, 
"'OR, 
"'OR. 
0, 
0./TNr, 
o. 
o. 
0, 
0, 
0, 


Vcc 


C,/Tx 


Co/Rx 


0, 
o.;iNT, 
0, 
O. 
Port 0 
0) 
Input 
~: 
Terminal, 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3- 
+7.0 
V 


Input Voltage 
Vin 
-0.3 - 
Vcc 
+ 0.3 
V 


Operating Temperature 
Topr 
0- 
+70 
·C 


Storage Temperature 
Tstg 
-55-+150 
·C 


[NOTE] 
Thele 
products have 8 protection 
circuit in their input terminals against high electrostatic 
voltage or high electric fields. 
Notwithstanding, 


be careful not to apply any voltage higher than the absolute maximum 
rsting to these high input impedance circuits. 
To Sllure 
normal 
operation, w. recommended 
Vln. Vout; 
Vss 
~ (VIM or Vout) 
~ VCC' 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC = 5.0V±10%, 
Vss = GND, Ta = 0 - 
+70·C, unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES, STBY 
Vcc-0.5 
- 
Vcc+0.3 


Input "High" 
Voltage 
EXTAL 
V'H 
VccxO.7 
- 
Vcc+0.3 
V 


Other Inputs 
2.0 
- 
Vcc+0.3 


Input "Low" 
Voltage 
All Inputs 
V'L 
-0.3 
- 
O.B 
V 


IOH - -200JlA 
2.4 
- 
V 
Output 
"High" 
Voltage 
All Outputs 
VOH 
IOH=-10JlA 
Vcc-0.7 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
IOL = 1.6mA 
- 
- 
0.55 
V 


Input Leakage Current 
TIMER,INT, 
II,L! 
- 
- 
1.0 
JlA 
0, 
- 
07, 
STBY 


Ao-A7,Bo-B7, 
Vin = 0.5 - 
V cc-0.5 


Three·state Current 
Co - 
C7, ADRo - 
ADR13*, 
IITs'! 
- 
- 
1.0 
JlA 


DATAo- 
DATA7,E*, 
R/W* 


Operating 
- 
5 
10 
mA 


Wait 
- 
2 
5 
mA 
Current Dissipation * * 
Icc 
f= 
lMHz*** 


JlA 
Stop 
- 
2 
10 


Standby 
- 
2 
10 
JlA 


Input Capacitance 
All Terminals 
Cin 
f - 1MHz, Vin - OV 
- 
- 
12 
pF 


• Only 
at standby 
•• 
VIH min = Vcc-1.OV. 
VIL max:: a.BV 


••• 
The value at f = xMHz 
is given by using. 
ICC If 
E xMHzl 
= Icc 
(f = 1MHz) x x 


Item 
Symbol 
Test 
HD6305Yl/Y2 
HD63A05Yl/Y2 
HD63B05Yl/Y2 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 
Cycle Time 
tcvc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
JlS 
Enable Rise Time 
tE, 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 
Enable Fall Time 
tEl 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 
Enable Pulse Width("High" 
Level) 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
Enable Pulse Width("Low" 
Level) 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
Address Delay Time 
tAD 
Fig.l 
- 
- 
250 
- 
- 
190 
- 
- 
180 
ns 
Address Hold Time 
tAH 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 
Data Delay Time 
tow 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 
Data Hold Time (Write) 
tHW 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 
Data Set-up Time (Read) 
tOSR 
80 
- 
- 
60 
- 
- 
50 
- 
- 
ns 
Data Hold Time (Read) 
tHR 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 
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Symbol 
Test 
HD6305Yl/Y2 
HD63A05Yl/Y2 
HD63B05Yl/Y2 
Unit 
Item 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Port Data Set·up Time 
tpos 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
(Port A, B, C, Df 


Port Data Hold Time 


Fig.2 


(Port A, B, C, D) 
tPOH 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Port Data Delay Time 
tpow 
Fig. 3 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 
(Port A, B, C) 


Test 
HD6305Yl/Y2 
HD63A05Yl/Y2 
HD63B05Y1IY2 
Unit 
Item 
Symbol 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


INT Pulse Width 
tlWL 
tCYC 
- 
- 
tcyc 
- 
- 
teyc 
- 
- 
ns 
+250 
+200 
+200 


INT, 
Pulse Width 
tlWL2 
tcyc 
- 
- 
tcyc 
- 
- 
teyc 
- 
- 
ns 
+250 
+200 
+200 


RES Pulse Width 
tRWL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tcyc 


Control 
Set-up Time 
tcs 
Fig.5 
250 
- 
- 
250 
- 
- 
250 
- 
- 
ns 


Timer 
Pulse Width 
tTwL 
tcyc 
- 
- 
tcyc 
- 
- 
teyc 
- 
- 
ns 
+250 
+200 
+200 


Oscillation 
Start Time (Crystal) 
tosc 
Fig.5,Fig.20· 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 


Reset Delay Time 
tRHL 
Fig. 19 
80 
- 
- 
BO 
- 
- 
80 
- 
- 
ms 


Test 
HD6305Yl/Y2 
HD63A05Yl/Y2 
HD63B05Yl/Y2 
Unit 
Item 
Symbol 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock Cycle 
tScyc 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
/lS 


Data Output 
Delay Time 
tTXD 
Fig.6, 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data Set·up Time 
tSRX 
Fig.7 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Data Hold Time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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MCU Write 


DATAo - 
DATA, 


MCU Read 
DATAo - 
DATA, 


Port 


A,B,C,D 


Figure 2 
Port Data Set·up and Hold Times 
(MCU 
Read) 


2.4V 


O.6V 


'tv 
/ 


tpDW 


2.4V 
Data 
O.6V 
Valid 


Port 
A,B,C 
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==:=-u-l 


~5~~ 
J 
tose 
, 
Vcc-O.5V 


~I\DCX 
lFFF 
lFFF 


~~Jv::~~5V 


~,~-- 


Yl!ll!!II!J.w. 
'~---'I/lllllJlll 
wa~--------<I'--"--{W///$I!4--- 


Clock 
Output 


Cs/CK 


Data 
Output 


C7/TX 


Data 
Input 


C6/RX 


2.0V 


O.8V 


2.0V 


O.8V 


Clock 
Input 


Cs/CK 


Data 
Output 


C7/TX 


2.4V 


O.6V 


Data 
Input 


C6/RX 


2.0V 


O.8V 


2.0V 


O.8V 
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TTL 
Load 
(Pard 


Test point 
terminal 


(NOTES] 
1. 
The 
load 
capacitance 
includes 
stray 
capacitance 
caused 


by the probe, etc. 
2. 
All diodes 
are IS2074 ® 


- DESCRIPTION OF TERMINAL FUNCTIONS 


The input 
and output 
signals of the MCU are described 


here. 


evcc. Vss 


Voltage is applied to the MCU through these two terminals. 


Vcc is S.OV± 10%, while Vss is grounded. 


.INT.INT2 
External interrupt 
request inputs to the MCU. For details, 


refer to "INTERRUPT". 
The INT2 terminal is also used as 


the port D. terminal. 


• XTAL. EXTAL 
These terminals provide input to the on-chip clock circuit. 


A crystal 
oscillator 
(AT cut, 2.0 to 8.0 MHz) or ceramic 


filter 
is connected 
to the terminal. 
Refer to "INTERNAL 


OSCILLATOR" for using these input terminals. 


• TlMER 


This is an input 
terminal 
for event counter. 
Refer to 


"TIMER" for details. 


.RES 


Used to reset the MCU. Refer to "RESET" for details. 


.NUM 
This terminal 
is not for user application. 
In case of the 


HD630SY I, 
this 
terminal 
should 
be connected 
to 
Vcc 
through 
10kfl 
resistance. 
In case of the HD630SY2, 
this 


terminal should be connected to Vs s· 


• Enable (El 


This output 
terminal supplies E clock. Output is a single- 


phase, TTL compatible 
and 1/4 crystal oscillation frequency 


or 1/4 external clock frequency. It can drive one TIL 
load 


and a 90p F condenser . 


• RudlWrite 
(RIWl 
This TIL 
compatible 
output signal indicates to peripheral 
and memory 
devices whether MCU is in Read ("High"), 
or 


in Write ("Low"). 
The normal standby state is Read ("High"). 


Its output can drive one TTl load and a 90pF condenser. 


• Data Bus (DATAo - DATA7) 


This TIL compatible three-state buffer can drive one TIL 
load and 90pF. 


• Address Bus (ADRo - ADR 13) 


Each terminal is TTL compatible 
and can drive one TTL 
load and 90pF. 


• Input/Output 
Terminals (Ao - A7. Bo - 
B7. Co - C7) 


These 24 terminals consist of three 8-bit I/O ports (A, B, C). 


Each of them can be used as an input or output terminal on 
a bit through program control 
of the data direction register. 


For details, refer to "1/0 PORTS." 


• Input Terminals (01 - 071 
These seven input-only 
terminals are TTL or CMOS com· 
patible. 
Of the port D's, D. is also used as INT2. If D. is 
used as a port, the INT2 interrupt 
mask bit of the miscellane- 


ous register must be set to "1" to preve~t an INT2 interrupt 
from being accidentally accepted. 


.STBY 
This terminal is used to place the MCU into the standby 


mode. 
With STBY at "Low" 
level, the oscillation stops and 
the internal condition 
is reset. For details, refer to "Stand- 
by Mode." 


The terminals described in the following are I/O pins for 
serial communication 
interface (SCI). 
They are also used as 


ports Cs, C. 
and C7. For details, refer to "SERIAL COM- 
MUNICATION INTERFACE." 


.CK (Cs) 
Used to input or output clocks for serial operation . 


.Rx (C.) 
Used to receive serial data. 


• Tx 
(C7) 
Used to transmit serial data . 


-MEMORY MAP 
The memory map of the MCU is shown in Fig. 9. $0140- 
$IFFF 
of the HD630SY2 are external addresses. However, 


care should be taken to assign vector addresses to $IFF6 
- 
$1FFF. During interrupt 
processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program 
counter. 
Then 
the value of the stack pointer 
is 
decremented 
and 
the 
higher byte 
(PCH) of the 
program 
counter, 
index register (X), accumulator 
(A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and Pel) 
are stacked. 
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H D6305Y1, 
H D6305Y2 


0 
$0000 
0 
PORT A 
$00 
o Ports 
1 
PORT B 
$01 
Timer 
2 
PORT C 
$02 
SCI 
63 
$003F 
3 
PORT D 
$03" 


64 
RAM 
$0040 
4 
PORTA DDR $04' 


(192Bytes) 
5 
PORT 
BOOR 
$05' 


Stack 
6 
PORTC DDR $06' 


255 
$8OFF 
Not Used 


256 
RAM 
$ 
100 
8 
TImer 
Data 
Reg SOB 


(64Bytes) 
\ 
9 Timer CTRl 
Reg $09 


319 
$013F 
10 
ISC 
eg 
$OA 


320 
$0140 


ROM" 
Not Used 


(7,B72Bytes) 


--------- 
SCI 
CTRL 
Reg 
$10 
8182 
Interrupt, 
SCI 
STS 
Reg 
$11 


8191 
V ct 
SCI 
Data 
Reg 
$12 
8192 


Not Used 
$1F 


External 
$20 


Memory 
Space 


.• Write only register 
16383 
$3FFF 
.•.• Read 
only 
register 


• ROM.r•• 1$0140- $1FFF) in the HD6305Y2 


is changed 
into 
External 
Memory 
Space. 


Figure 9 
Memory Map of MCU 


1 
1 1 I 
Condition 
Code Register 


Accumulator 


Index Register 


0 01 
PCW 


PCL' 


-REGISTERS 
There are five registers which the programmer can operate, 


7 
0 


1=========A==========1Accumulator 
7 
0 


I 
-----x-----Ilndex 
__________ 
Register 


13 
0 


I 
PC 
I~rogram 
________________ 
.Counter 


13 
6 5 
0 


~---S-P---IStack 
~~ 
POinter 


Condition 
Code 
Register 


~~~~~~ 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


• Accumulator 
(AI 
This accumulator 
is an ordinary S·bit register which holds 


operands or the result of arithmetic operation or data process- 
ing, 


• Index Register (X) 
The index register is an S-bit register, and is used for index 


addressing mode. 
Each of the 
addresses contained 
in the 


register consists of S bits which, combined 
with an offset 


value, provides an effective address, 


In the case of a read/modify/write 
instruction, 
the index 


register can be used like an accumulator 
to hold operation 


data or the result of operation, 


If not used in the index addressing mode, the register can 


be used to store data temporarily, 


• Program Counter (PC) 
The program counter is a l4·bit register that contains the 


address of the next instruction to be executed. 


• Stack Pointer (SP) 
The stack pointer is a l4-bit register that indicates the ad· 


dress of the next stacking space, Just after reset, the stack 
pointer is set at address SOOFF, It is decremented when data 
is pushed, and incremented 
when pulled. The upper S bits 


of the stack pointer are fIXed to 00ססoo I I. During the MCV 
being reset or dUring a reset stack pointer (RSP) instruction, 
the pointer 
is set to address SOOFF, Since a subroutine 
or 


interrupt can use space up to address SOOCI for stacking, the 
subroutine 
can be used up to 31 levels and the interrupt 
up 


to 12 levels, 


• Condition Code Register (CC) 
The condition 
code register is a S-bit register, each bit 


indicating the result of the instruction 
just executed, 
The 


bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 


Half Carry (H): 
Used to indicate 
that 
a carry occurred 
be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 


Interrupt (I): 
Setting 
this bit causes all interrupts, 
except 


a software 
interrupt, 
to be masked. 
If an 
interrupt 
occurs 
with 
the 
bit 
I set, it is 
latched. 
It 
will be 
processed 
the 
instant 


the interrupt 
mask bit is reset. (More specifi- 


cally, it will enter 
the interrupt 
processing 
routine 
after 
the 
instruction 
following the 


CLI has been executed.) 


Negative (N): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"I"). 
Zero (Z): 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 


Carry/ 
Represents 
a carry or borrow. that occurred 


Borrow (C): 
in the most recent arithmetic operation. 
This 


bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


-INTERRUPT 
There~e 
six different 
types of interrupt: 
external inter- 


rupts 
(INT,. 
INT.), 
internal 
timer 
interrupts 
(TIMER, 


TIMER.), 
senal mterrupt 
(SO) 
and interrupt 
by an instruc. 


tion (SWI). 


1~1 
$FF~SP 
O-DDR's 
CLRINT Logic 
$FF~TDR 
$7F- Timer Prescaler 
$50~TCR 
$3F-SSR 
$OO-SCR 
$7F-MR 


Of these six interrupts, 
the INT. 
and TIMER or the SCI 
and TIMER. generate the same vector address, respectively. 


When an interrupt 
occurs, the program in progress stops 


and the then CPU status is saved onto the stack. 
And then, 


the interrupt 
mask bit (I) of the condition 
code register is 


set and the start address of the interrupt 
processing routine 


is obtained 
from a particular interrupt 
vector address. 
Then 
the interrupt 
routine 
starts 
from the start address. 
System 
can exit from the interrupt 
routine by an RTI instruction. 
When this instruction 
is executed, 
the CPU status 
before 


the interrupt 
(saved onto 
the stack) is pulled and the CPU 


restarts the sequence with the instruction 
next to the one at 
which the interrupt 
occurred. 
Table 
I lists the priority 
of 
interrupts and their vector addresses. 


Interrupt 
Priority 
Vector Address 


RES 
1 
$1 FFE. 
$IFFF 


SWI 
2 
$IFFC. 
$lFFD 


INT 
3 
$lFFA. 
$lFFB 


TIMER/INT. 
4 
$lFFB. 
$1 FF9 


SCI/TIMER. 
5 
$lFF6. 
$IFF7 


A flowchart of the interrupt 
sequence is shown in Fig. 12. 


A block diagram of the interrupt 
request source is shown in 
Fig. 13. 
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In the block diagram, both the external interrupts INT and 


INT2 are edge trigger inputs. 
At the falling edge of each input, 
an interrupt 
request is generated and latched. 
The INT inter- 
rupt request is automatically 
cleared if jumping is made to 
the INT processing routine. 
Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 of the miscellaneous register. 


For the 
external 
interrupts 
(INT, INT2), internal 
timer 
interrupts 
(TIMER, TIMER2) and serial interrupt (SCI), each 


interrupt 
request is held, but not processed, if the I bit of the 
condition 
code register is set. 
Immediately 
after the I bit is 
cleared, the corresponding 
interrupt 
processing starts accord- 


ing to th~_~ority. 


The INT2 interrupt 
can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt 
by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 Of the serial status register. 
The status of the INT terminal can be tested by a BIL or 


BIH instruction. 
The INT falling edge detector circuit and 


its latching circuit are independent 
of testing by these instruc- 


tions. This is also true with the status of the INT2 terminal. 


• Miscellaneous Register (MR; $OOOA) 


The interrupt 
vector 
address 
for the external 
interrupt 
INT, is the same as that for the TIMER interrupt, as shown 
in Table I. 
For this reason, a special register called the miscel- 
laneous 
register 
(MR; 
$OOOA) is available to control 
the 
INT2 interrupts. 


Bit 7 of this register is the INT2 interrupt 
request flag. 


When the falling edge is detected at the INT, terminal, "I" 
is set in bit 7. 
Then the software in the interrupt 
routine 


(vector addresses: $1FF8, $IFF9) 
checks bit 7 to see if it 


is INT, interrupt. 
Bit 7 can be reset by software. 


Miscellaneous Register (MR;$OOOA) 


76543210 


~L 
~ 
~~terruPt 
Mask 


------------INT2 
Interrupt Request Flag 


Bit 6 is the INT, interrupt mask bit. If this bit is set to "I", 


then the INT, interrupt 
is disabled. 
Both read and write are 


possible with bit 7 but "I" 
cannot be written in this bit by 


software. 
This means that an interrupt 
request by software 


is impossible. 
. 


When reset, bit 7 is cleared to "0" and bit 6 is set to "I " . 


-TIMER 
Figure 14 shows a MCV timer block diagram. The timer 


data register is loaded by software and, upon receipt of a 
clock 
input, 
begins to count 
down. 
When the timer data 
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register 
(TOR) 
becomes 
"0", 
the 
timer 
interrupt 
request 


bit (bit 7) in the timer control register is set. In response to 
the interrupt 
request, the CPV saves its status into 'the stack 


and 
fetches timer interrupt 
routine 
address from addresses 


$1FF8 and $1FF9 and execute 
the interrupt 
routine. 
The 


timer interrupt 
can be masked by setting the timer interrupt 


mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition 
code register can also mask the timer 


interrupt. 


The source clock to the timer can be either an external 


signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). 
If the E signal is used as 


the source, the clock input can be gated by the input to the 
timer input terminal. 


Once the timer count 
has reached 
"0", it starts counting 


down with "$FF". 
The count 
can be monitored 
whenever 


desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence 
of a timer interrupt, 
without 
disturbing the con- 


tents of the counter. 


When the MCV is reset, both the prescaler and counter are 


initialized 
to 
logic 
"I". 
The 
timer 
interrupt 
request 
bit 


(bit 7) then is cleared and the timer interrupt 
mask bit (bit 


6) is set. 


To clear the timer interrupt 
request bit (bit 7), it is neces- 


sary to write "0" in that bit. 


TCR7 


o 


TCR6 


o 


• Timer Control Register (TeR; $0009) 
Selection of a clock source, selection of a prescaler fre- 


quency division ratio, and a timer interrupt 
can be controlled 
by the timer control register (TCR; $0009). 


For the selection of a clock source, anyone 
of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L Prescaler division ratio selection 


Prescaler initialize 
---------Clock 
input source 


Timer 
interrupt 
mask 


Timer interrupt 
request 


After reset, the TCR is initialized to "E under timer termi· 
nal control" 
(bit 5 = 0, bit 4 = I). 
If the timer terminal is 


"I", 
the counter starts counting down with "$FF" immediate· 


ly after reset. 
When "I" 
is written in bit 3, the prescaler is initialized. 


This bit always shows "0" when read. 


Table 2 
Clock Source Selection 


TCR 


Bit 5 
Bit 4 
Clock input source 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


(Internal 


Clock) 
E 
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A prescaler division ratio is selected by the combination of 


three bits (bits 0, I and 2) of the timer control register (see 
Table 3). There are eight different division ratios: ';-1, ';-2,74, 
';-8, ';-16, ';-32, .;-64and ';-128. After reset, the TCR is set to the 
.;-1mode. 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler division ratio 


0 
0 
0 
-i-1 


0 
0 
1 
.;-2 


0 
1 
0 
';-4 


0 
1 
1 
.;-8 


1 
0 
0 
';-16 


1 
0 
1 
.;-32 


1 
1 
0 
.;-64 


1 
1 
1 
.;-128 


A timer interrupt 
is enabled when the timer interrupt mask 


bit is "0", and disabled when the bit is "I". 
When a timer 


interrupt 
occurs, "I" 
is set in the timer interrupt 
request bit. 


This bit can be cleared by writing "0" in that bit. 


-SERIAL 
COMMUNICATION 
INTERFACE 
(SCII 


This interface is used for serial transmission or reception 


of 8·bit data. 
Sixteen transfer rates are available in the range 
from I IlS to approx. 32 ms (for oscillation at 4 MHz). 


The SCI consists of three registers, one eighth counter and 


one prescaler. (See Fig. IS.) SCI communicates 
with the CPU 


via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations 
of 


each register and data transfer. 


_ ,.Ji __, 


C5(CK) 
: 
I 
II 
I 
I 
II 
I 
C6(Rx) 
: 
---.I 
C7~ 


IL 
.J 


Transfer 
Clock 
Generator 
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SCR7 


o 


SCR6 


o 


SCR5 
SCR4 
Clock source 
Cs terminal 


0 
0 
- 
Used as I/O terminal (by 


0 
1 
- 
DDR). 


1 
0 
Internal 
Clock output (DDR output) 


1 
1 
External 
Clock input (DDR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding 
to the C7 
becomes "I" 
and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding 
to the C. 


becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 


Bits 5 and 4 (SCRS, SCR4) 
These bits are used to select a clock source. 
After reset, 
the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 
These bits are used to select a transfer clock rate. After 


reset, the bits are cleared to "0". 


Transfer clock rate 
SCR3 
SCR2 
SCR1 
SCRO 
4.00 MHz 
4.194MHz 


0 
0 
0 
0 
1 jlS 
0.95jls 


0 
0 
0 
1 
2jls 
1.91jls 


0 
0 
1 
0 
4jls 
3.82jls 


0 
0 
1 
1 
8jls 
7.64jls 


I 
I 
I 
I 
I 
I 
1 
1 
1 
1 
32768 jJ.S 
1/32 s 


esel Data Register (SDR; $0012) 


A serial-parallel conversion register that is used for transfer 


of data. 


Bit 7 (SSR7) 
Bit 7 is the SCI interrupt 
request bit which is set upon 


completion 
of 
transmitting 
or 
receiving 8-bit 
data. 
It is 


cleared when reset or data is written 
to or read from the 


SCI data register with the SCRS="I". 
The bit can also be 


cleared by writing "0" in it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER2 interrupt request bit. 
TIMER2 is used 


commonly 
with the serial clock generator, and SSR6 is set 
each time the internal 
transfer clock falls. When reset, the 


bit is cleared. 
It also be cleared by writing "0" in it. (For 


details, see TIMER2.) 


Bit 5 (SSRS) 
Bit 5 is the SCI interrupt 
mask bit which can be set or 
cleared by software. 
When it is "I", the SCI interrupt (SSR7) 


is masked. When reset, it is set to "I" 


Bit 4 (SSR4) 
Bit 4 is the TIMER2 
interrupt 
mask bit which can be set 


or cleared by software. 
When the bit is "I", 
the TIMER2 


interrupt (SSR6) is masked. When reset, it is set to "I". 


Bit 3 (SSR3) 


When "I" 
is written in this bit, the prescaler of the transfer 


clock generator is initialized. 
When read, the bit always is "0". 


Bits 2 - 0 
Not used. 


SSR7 
o 


1 


SCI interrupt request 


Absent 


Present 


SSR6 
o 


TIMER2 interrupt request 


Absent 


Present 


SSR5 
o 


SCI interrupt mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER2 interrupt mask 


Enabled 


Disabled 


• Data Transmission 
By writing the desired control 
bits into the SCI control 


registers, a transfer 
rate and a source of transfer clock are 


determined 
and bits 7 and 5 of port C are set at the serial 


data output 
terminal 
and the serial clock terminal, 
respec- 


tively. 
The transmit data should be stored from the accumu- 


lator or index register into the SCI data register. 
The. data 


written 
in the SCI data register is output 
from the C7/Tx 


terminal, 
starting 
with 
the 
LSB. synchronously 
with 
the 


falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, 
the interrupt 
request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/Tx terminal. If an external clock 
source 
has been 
selected, 
the 
transfer rate determined 
by 


bits 0 - 3 of the SCI control register is ignored, and the Cst 
CK terminal 
is set as input. 
If the internal clock has been 


selected, the Cs /CK terminal is set as output and clocks are 
output 
at the transfer rate selected by bits 0 - 3 of the SCI 


control register. 


• Data Reception 
By writing the desired control 
bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input 
terminal 
and the 
serial clock 
terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 
system is ready for receiving data. 
(This procedure 
is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 
The data 
from the C6/Rx 
terminal 
is input to the SCI 


data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt 
request bit is set in bit 7 of the SCI 


status register. 
This request can be masked by setting bit 5 


of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored and the data is received synchro- 
nously with the clock from the Cs/CK terminal. If the internal 
clock has been selected, the Cs/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 - 
3 of the SCI control register. 


• TlMER2 
The SCI transfer clock generator can be used as a timer. 


The clock selected by bits 3 - 
0 of the SCI control register 


(4 /.Is- approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status 
register and the TIMER2 interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt 
requests 
occur periodically, 
TIMER2 can be used as a 


reload counter or clock. 


CD 
: Transfer 
clock. generator 
is reset and mask bit 
lbit 4 


of 
Set 
status register) is clea red. 


oo.@ :TIMER2 
interrupt 
request 


®.® :TIMEA2 
interrupt request bit cleared 


TIMER2 is commonly 
used with the SCI transfer clock 


generator. 
If wanting to use TIMER2 independently 
of the 


SCI, specify "External" 
(SCRS = 1, SCR4 = I) as the SCI 
clock source. 


If "Internal" 
is selected as the clock source, reading or 
writing the SDR causes the prescaler of the t,ransfer clock 
generator to be initialized. 


-I/O 
PORTS 
There are 24 input/output 
terminals (ports A, B, C). Each 


I/O terminal can be selected for either input or output by the 
data 
direction 
register. 
More specifically, an I/O port will 


be input if "0" is written 
in the data direction register, and 


output 
if "I" 
is written in the data direction register. Port A, 


B or C reads latched data if it has been programmed as output, 
even with the output 
level being fluctuated 
by the output 


load. (See Fig. 17.) 


When reset, the data direction register and data register go 


to "0" and all the input/output 
terminals are used as input. 


Bit of data 
Bit of 
Status of 
Input to 
direction 
output 


register 
data 
output 
CPU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3-state 
Pin 


Seven input-only 
terminals are available (port D). Writing 


to an input terminal is invalid. 
All input/output 
terminals 
and input 
tenninals 
are TTL 


compatible and CMOS compatible in respect of both input and 
output. 


If I/O ports or input ports are not used, they should be 


connected to Vss via resistors. 
With none connected to these 


terminals, 
there is the possibility of power being consumed 


despite that they are not used. 


-RESET 
The MCU can be reset either by external reset input (RES) 


or power-on reset. 
(See Fig. 18.) 
On power up, the reset 


input must be held "Low" for at least tose to assure that the 
internal oscillator is stabilized. 
A sufficient time of delay can 


be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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HD6305Y 
MCU 


-INTERNAL 
OSCILLATOR 


The 
internal 
oscillator 
circuit 
is 
designed 
to 
meet 
the 


EXTAL 


iO-~OMHZ= 
XTAL 
HD6305Y 
MCU 


10-22pF±20% 


Crystal 
Oscillator 


CLl 


EXTAL 


~"D 
XTAL 
HD6305Y 
MCU 


External 
Ceramic 
Oscillator 


Clock 
Input 
EXTAL 


NC 
XTAL 
HD6305Y 


MCU 


requirement 
for 
minimum 
external 
configurations. 
It can be 


driven 
by 
connecting 
a crystal 
(AT 
cut 
2.0 
- 
8.0MHz) 
or 


ceramic 
oscillator 
between 
pins 
5 and 6 depending 
on the 
re- 


quired 
oscillation 
frequency 
stability. 


Three 
different 
terminal 
connections 
are shown 
in Fig. 20. 


Figs. 21 and 22 illustrate 
the specifications 
and typical 
arrange- 
ment 
of the crystal, 
respectively. 


C, 


~~ 


XTAL~~EXTAL 


AT Cut 
Parallel 
Resonance 
Co=7pF max. 
f=2.0-a.OMHz 
Rs=6OQ 
max. 


[NOTE I 
Use as short wirings 
as possible for connection 
of the crystal 
with 
the 
EXTAL 
and XTAL 
terminals. 
00 
not allow these 


wirings to cross others. 


-LOW 
POWER 
DISSIPATION 
MODE 
The 
HD6305Y 
has 
three 
low 
power 
dissipation 
modes: 


wait, 
stop and standby. 


• Wait Mode 
When 
WAIT 
instruction 
being 
executed, 
the 
MCU 
enters 
into 
the 
wait 
mode. 
In this 
mode, 
the 
oscillator 
stays 
active 
but 
the 
internal 
clock 
stops. 
The CPU stops 
but 
the peripheral 
functions 
- 
the 
timer 
and 
the 
serial 
communication 
inter- 


face 
- 
stay 
active. 
(NOTE: 
Once 
the 
system 
has entered 
the 


wait 
mode, 
the 
serial 
communication 
interface 
can no longer 
be retriggered.) 
In the wait 
mode, 
the 
registers, 
RAM and I/O 
terminals 
hold 
their 
condition 
just 
before 
entering 
into 
the 
wait mode. 
The escape 
from 
this mode 
can be done 
by interrupt 
(INT, 


TIMER/INT1 
or 
SCI/TIMER,), 
RES 
or 
STBY. 
The 
RES 


resets 
the 
MCU 
and 
the 
STBY 
brings 
it 
into 
the 
standby 


mode. 
(This will be mentioned 
later.) 


When 
interrupt 
is requested 
to the 
CPU 
and accepted, 
the 
wait 
mode 
escapes, 
then 
the 
CPU is brought 
to the 
operation 
mode 
and vectors 
to the 
interrupt 
routine. 
If the 
interrupt 
is 


masked 
by the I bit of the condition 
code 
register, 
after 
releas- 
ing 
from 
the 
wait 
mode 
the 
MCU 
executes 
the 
instruction 
next 
to ~WAIT. 
If an interrupt 
other 
than 
the 
INT (Le., 


TIMER/INT1 
or SCI/TIMER,) 
is masked 
by the timer 
control 
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register, 
miscellaneous 
register 
or serial 
status 
register, 
there 
is no 
interrupt 
request 
to the CPU, 
so the wait 
mode 
cannot 
be released. 
Fig. 23 shows 
a flowchart 
for the wait function. 


• Stop Mode 
When 
STOP 
instruction 
being 
executed, 
MCU 
enters 
into 
the 
stop 
mode. 
In this 
mode, 
the oscillator 
stops 
and the CPU 


and 
peripheral 
functions 
become 
inactive 
but 
the 
RAM, 
registers 
and 
I/O 
terminals 
hold 
their 
condition 
just 
before 
entering 
into 
the stop 
mode. 


The 
escape 
from 
this 
mode 
can 
be done 
by an external 


interrupt 
(INT 
or INT2), 
RES or STBY. 
The 
RES 
resets 
the 
MCU and the STBY brings 
into 
the standby 
mode. 


When 
interrupt 
is 
requested 
to 
the 
CPU 
and 
accepted, 


the 
stop 
mode 
escapes, 
then 
the 
CPU is brought 
to the opera- 


tion 
mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
inter- 
rupt 
is masked 
by 
the 
I bit 
of 
the 
condition 
code 
register, 
after 
releasing 
from 
the 
stop 
mode, 
the 
MCU 
executes 
the 
instruction 
next 
to the STOP. 
If the (NT2 interrupt 
is masked 
by 
the 
miscellaneous 
register, 
there 
is no interrupt 
request 
to 


the MCU, so the stop 
mode 
cannot 
be released. 


Fig. 
24 shows 
a flowchart 
for 
the 
stop 
function. 
Fig. 
25 
shows 
a timing 
chart 
of 
return 
to 
the 
operation 
mode 
from 


the stop 
mode. 
For 
releasing 
from 
the 
stop 
mode 
by an interrupt, 
oscilla- 


tion 
starts 
upon 
input 
of the 
interrupt 
and, 
after 
the 
internal 


delay 
time 
for stabilized 
oscillation, 
the CPU becomes 
active . 
For 
restarting 
by 
RES, 
oscillation 
starts 
when 
the 
RES goes 


"0" 
and~CPU 
restarts 
when 
the 
RES goes 
"I". 
The dura- 
lion 
of RES;"O·· 
must 
exceed 
30 ms 10 "ssure 
stabilized 
oscil- 


lation. 


• Standby 
Mode 


The 
MCU 
enters 
into 
the 
standby 
mode 
when 
t!·~ STBY 


terminal 
goes 
"Low". 
In this 
mode. 
all operations 
stop 
and 


the 
internal 
condition 
is reset but the contents 
of the RAM are 


hold. 
The 
I/O 
terminals 
turn 
to 
high-impedance 
state. 
The 


standby 
mode 
should 
escape 
by bringing 
STBY 
"High". 
The 


CPU 
must 
be restarted 
by 
reset. 
The 
timing 
of input 
signals 
at the RES and STBY terminals 
is shown 
in Fig. 26. 


Table 
4 lists 
the 
status 
of each 
parts 
of the MCU in each 


low power 
dissipation 
modes. 
Transitions 
between 
each mode 


are shown 
in fig. 
27. 


(Note) 
When 
I bit 
of condition 
code 
register 
is "I" 
and 
interrupt 


(INT, 
TIMER/INT 
2, 
SCI/TIMER2) 
is 
held, 
MCU 
does 
not 


enter 
WAIT mode 
by the execution 
of WAIT instruction. 


In that 
case, after 
the 4 dummy 
cycles 
MCU executes 
the next 


instruction. 


In the 
same 
way, 
when 
external 
interrupts 
(INT, 
INT2) 
are 


held 
at 
the 
bit 
I set, 
MCU 
does 
not 
enter 
STOP 
mode 
by the 


execution 
of STOP instruction. 
In that 
case, also, MCU executes 


the next 
instruction 
after 
the 4 dummy 
cycles. 
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Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU, TIMER, SCI. 
I/O and All 
Other Functions 


Fetch 
Instruction 


Load PC from 
Interrupt 
Vector 
Addresses 
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Stop Oscillator 
and All Clocks 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 


Addresses 
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Oscillator 
~ 


OSCillator~ 


E~ 
I 
STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized 
(to,c) 


~l-__ 
I 


i 
0 
i OJ 
t 
, 
I 
I 
, 
, 
1 
I 
1 
, 
, 
I 
I 
I 
I 
I 
'-_ .•_..L __ 


Condition 


Mode 
Start 
Oscil- 
Timer, 
I/O 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT 
in- 
STBY, 
RES,INT, 
INT" 
WAIT 
Active 
Stop 
Active 
Keep 
Keep 
Keep 
each interrupt 
request of 
Soft- 
struction 
TIMER, 
TIMER" 
SCI 
ware 
STOP in- 
STOP 
struction 
Stop 
Stop 
Stop 
Keep 
Keep 
Keep 
STBY, 
RES, INT, INT, 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Keep 
High im- 
STBY="High" 
bV 
ware 
pedance 
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Figure 
27 
Transitions 
among 
Active 
Mode, Wait Mode, 


Stop 
Mode, 
Standby 
Mode and Reset 


-BIT 
MANIPULATION 
The 
MCV can 
use a single 
instruction 
(BSET 
or BCLR) 
to 


set or clear 
one 
bit of the 
RAM 
within 
page a or an I/O port 


(except 
the 
write-only 
registers 
such 
as 
the 
data 
direction 


register). 
Every 
bit 
of memory 
or 
I/O 
within 
page 
0 ($00 
- 


$FF) 
can 
be 
tested 
by 
the 
BRSET 
or 
BRCLR 
instruction; 
depending 
on the result 
of the test, 
the program 
can branch 
to 


required 
destinations. 
Since 
bits 
in the RAM on page 0, or I/O 


can be manipulated, 
the user may use a bit within 
the RAM on 


page a as a flag 
or handle 
a single 
I/O bit as an independent 
I/O 
terminal. 
Fig. 
28 
shows 
an example 
of bit manipulation 


and 
the validity 
of test 
instructions. 
In the example, 
the pro- 


gram 
is configured 
assuming 
that 
bit a of port 
A is connected 


to a zero 
cross 
detector 
circuit 
and bit 
I of the same 
port 
to 
the trigger 
of a triac. 


The 
program 
shown 
can 
activate 
the 
triac 
within 
a time of 
lOllS from 
zero-crossing 
through 
the 
use of 
only 
7 bytes 
on 
the 
ROM. 
The 
on-chip 
timer 
prOVides 
a required 
time 
of 


delay 
and pulse width 
modulation 
of power 
is also possible. 


SE l F 
1. 
BRClR 
0, PORT 
A, SE IF 
1 


BSET 
1, PORT 
A 


BClR 
1, PORT 
A 


-ADDRESSING 
MODES 
Ten different 
addressing 
modes 
are available 
to the MCV. 


.Immediate 
See 
Fig. 
29. 
The 
immediate 
addressing 
mode 
prOVides 


access 
to a constant 
which 
does 
not 
vary during 
execution 
of 


the program. 


This 
access 
requires 
an instruction 
length 
of 2 bytes. 
The 


effective 
address 
(EA) 
is PC and 
the operand 
is fetched 
from 


the byte 
that 
follows 
the operation 
code. 


• Direct 


. 
See Fig. 30. 
In the direct 
addressing 
mode, 
the 
address 
of 


the 
operand 
is contained 
in the 
2nd 
byte 
of the 
instruction. 


The 
user 
can 
gain 
direct 
access 
to 
memory 
up 
to 
the 
lower 
255th 
address. 
192 byte 
RAM 
and 
I/O 
registers 
are on page a 


of 
address 
space 
so that 
the 
direct 
addressing 
mode 
may 
be 


utilized. 


• Extended 
See Fig. 
31. 
The 
extended 
addressing 
is used 
for referenc- 


ing 
to 
all addresses 
of 
memory. 
The 
EA is the 
contents 
of 


the 
2 
bytes 
that 
follow 
the 
operation 
code. 
An 
extended 
addressing 
instruction 
requires 
a length 
of 3 bytes. 


• Relative 
See 
Fig. 
32. 
The 
relative 
addressing 
mode 
is used 
with 


branch 
instructions 
only. 
When 
a branch 
occurs, 
the program 
counter 
is loaded 
with 
the contents 
of the byte 
following 
the 


operation 
code. 
EA 
= (PC) 
+ 2 + ReI., where 
ReI. indicates 
a 
signed 
8-bit 
data 
following 
the operation 
code. 
If no branch 
occurs, 
ReI. 
= O. 
When 
a branch 
occurs, 
the 
program 
jumps 


to any byte 
in the 
range 
+ 129 to -127. 
A branch 
instruction 


requires 
a length 
of 2 bytes. 


• Indexed 
(No Offset) 
See 
Fig. 
33. 
The 
indexed 
addressing 
mode 
allows 
access 


up 
to 
the 
lower 
255th 
address 
of memory. 
In this mode, 
an 


instruction 
requires 
a 
length 
of 
one 
byte. 
The 
EA 
is the 


contents 
of the index 
register. 
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elndexed 
(S-bit Offset) 


See Fig. 34. -The EA is the contents 
of the byte follow- 


ing the operation 
code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. 
Each instruction when used in the index addressing 


mode (8-bit offset) requires a length of 2 bytes. 


e Indexed (16-bit Offset) 


See Fig. 35. 
The contents 
of the 2 bytes following the 


operation 
code are added to content 
of the index register 


to compute 
the value of EA. 
In this mode, the complete 


memory can be accessed. When used in the indexed address- 
ing mode (I6-bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 36. This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. 
The lower 3 bits of the operation code specify the bit to 


be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


I 
Memory 


~: 
: 


e Bit Test and Branch 
See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions 
that can test any bit within page 0 
and can be branched 
in the relative addressing mode. 
The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. 
Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 


elmplied 
See Fig. 38. 
This mode involves no EA. All information 
needed 
for execution 
of an instruction 
is contained 
in the 
operation 
code. 
Direct 
manipulation 
on the 
accumulator 
and index register is included in the implied addressing mode. 
Other instructions 
such as SWI and RTI are also used in this 
mode. 
All instructions 
used in the implied addressing mode 
should have a length of one byte. 


ili 


I = 
Fa 


Index 
Reg 


I 
Stack 
Point 
I 
Prog Count 


05CO 


CCI 


EA 


Memory 
0048 


20 
Index 
8g 


Stack 
-~O~in-,--- 


Prog lount 
052F 


CCI 
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Memory 


~ 


PROG LOA CAT 0409 
040A 
0408 


40 


Index Reg 
I 


Stack 
Pomt 
I 
Prog 
Count 


040C 


CC 
I 


EA 


Memory 
04Cl 


~ 


~ 
; 
: 


I 
Index Reg 
I 


Stack 
Pam' 
I 
Prog 
Count 


04Cl 


CC 


EA 


Memorv 
0088 


. 
. 


PROG LOA X 05'4 
~ 


~ 


Stack Pomt 
I 
Prog 
Counl 


05F5 
CC 
I 
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TABl 
FCB 
:: BF 
OOB9 
BF 
Fce 
:: B6 
OOBA 
86 
FCB 
:: DB 
(l08B 
DB 
FCB 
::::CF 
OOBC 
CF 


~ 
, 
, 


Cf 
Inde •. Reg 


03 
Slack 
POint 
I 


Prog Count 


0750 


CC 
I 


EA 
Memory 
0780 


~ 


PROG 
lOA 
TABlX 
0692~' 
06 
• 


0693 
07 
0694 
7E 


. 
. 


TABl 
FCB 
BF 
077E 
BF 
FeB 
86 
077F 
86 
FCB 
DB 
0780 
DB 
FeB 
CF 
0781 
CF 


Inde •. Reg 


02 
Slack 
POint 
I 
Prog COUn! 
0695 
CC 
I 


~ 
, 
, 


A 
I 
Inde •. Reg 
I 


Slack. Pomt 


I 
Prog Count 


0591 


CC 
I 


Figure 36 
Example of Bit Set/Clear Addressing 
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PROG 
BRClR 
2.PORT 
C PROG ? 0574 


0575 
0576 


~ 
; 
. 


A 
I 
Index Reg 
I 
Slack 
POint 


Prog ~ount 


0594 
CC 


~ 
'~ ...~~~ 


~, 
, 
, 
, 
, 
, 
, 
, 


-INSTRUCTION 
SET 


There are 62 basic instructions available to the HD6305Y 


MCU. They can be classified into five categories: register/ 
memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 


control. 
The details of each instruction 
are described 
in 


Tables 5 through II. 


• Register/Memory 
Instructions 


Most of these instructions use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305Y MCU. 
There is no register operand in the uncon- 


ditional 
jump 
instruction 
(JMP) and the 
subroutine 
jump 


instruction (JSR). 
See Table 5. 


• Read/Modify/Write 
Instructions 


These instructions 
read a memory or register, then modify 


or test its contents, 
and write the modified value into the 


memory 
or register. 
Zero test instruction 
(TST) does not 


write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


E5 
Index 
eg 


E5 
Stack 
Oint 
I 
Prog Count 
0588 


CCI 


• Branch 
Instructions 
A branch instruction branches from the program sequence 


in progress if a particular condition is established. 
See Table 7. 


• Bit Manipulation 
Instructions 
These instructions 
can be used with any bit located up to 


the lower 255th address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control 
Instructions 
The control instructions 
control the operation of the MCU 


which is executing a program. See Table 9. 


• List of Instructions 
in Alphabetical 
Order 


Table 
10 lists all the instructions 
used on the HD6305Y 


MCU in the alphabetical order. 


• Operation 
Code 
Map 
Table II shows the operation code map for the instructions 


used on the MCU. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
8001ean/ 
Condition 


Operations 
Mnemonic 
Arithmetic 
Cod. 


Immediate 
Direct 
Extended 
(No Offset) 
(8-81t Offset) (16-81tOfketl 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Load A 
from 
Memory 
LOA 
A6 
Z 
2 
86 
2 
3 
C6 
3 
4 
F6 
1 
3 
E6 
2 
4 
06 
3 
5 
M-A 
• • , 
A • 


Load 
X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
3 
CE 
3 
4 
FE 
1 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
• • 


A , • 


Store 
A in Memory 
STA 
- - 
- 
87 
2 
3 
C7 
3 
4 
F7 , 
4 
E7 
2 
4 
07 
3 
5 
A-M 
• • 


A 
A • 


Store 
X in Memory 
STX 
- - - 
8F 
2 
3 
CF 
3 
4 
FF 
I 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
• • 


A 
A • 


Add 
Memory 
to A 
ADO 
A8 
2 
2 
88 
2 
3 
C8 
3 
4 
F8 
I 
3 
E8 
2 
4 
08 
3 
5 
A+M 
.A 
, • 


A 
.' 
A 


Add 
Memory 
and Carry 


loA 
AOC 
A9 
2 
2 
89 
2 
3 
C9 
3 
4 
F9 
I 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
A • 


A 
A 
A 


Subtract 
Memory 
SU8 
AD 
2 
2 
80 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
DO 
3 
5 
A 
M-A 
• • 
A 
A 
" 


Subtract 
Memory 
from 


A With Borrow 
S8C 
A2 
2 
2 
82 
2 
3 
C2 
3 
4 
F2 
I 
3 
E2 
2 
4 
D2 
3 
5 
A-M-C-A 
• • 


A 
A 
A 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
3 
C4 
3 
4 
F4 
I 
3 
E4 
2 
4 
04 
3 
5 
A 
M-A 
• • 
'. 
A • 


OR Memory 
with 
A 
ORA 
AA 
2 
2 
8A 
2 
3 
CA 
3 
4 
FA 
I 
3 
EA 
2 
4 
DA 
3 
5 
A+M_A 
• • 


A 
A • 


ExclUSIVe OR Memory 


with 
A 
EOR 
A8 
2 
2 
88 
2 
3 
C8 
3 
4 
F8 
1 
3 
E8 
2 
4 
08 
3 
5 
A-t"M-A 
·· 


A 
A · 
Arithmetic 
Compare 
A 


with 
Memory 
CMP 
Al 
2 
2 
81 
2 
3 
Cl 
3 
4 
F1 
I 
3 
El 
2 
4 
01 
3 
5 
A-M 
• • ,. , ., 


ArithmetiC 
Compare 
X 


With Memory 
CPX 
A3 
2 
2 
83 
2 
3 
C3 
3 
4 
F3 
1 
3 
E3 
2 
4 
03 
3 
5 
X-M 
· • 


A , 
A 


Bit Test Memory 
with 


A (LogIcal 
Compare) 
81T 
AS 
2 
2 
85 
2 
3 
C5 
3 
4 
F5 
I 
3 
E5 
2 
4 
D5 : 
5 
A·M 
• • 


A , • 


Jump 
Unconditional 
JMP 
8C 
2 
2 
CC 
3 
3 
FC 
I 
2 
EC 
2 
3 
DC 
3 
4 
• • • • • 


Jump 
to 
Subroutine 
JSR 
8D 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
5 
DO 
3 
6 
• • • • • 


Symbols; 
Op'" 
Operation 


# 
•• Number 
of bytes 


•..• 
= Number 
of 
cycles 


Addressing 
Modes 


Indexed 
Indexed 
Conditton 


Operations 
Mnemonic 
Boolean/Arithmetic 
Operation 
Cod. 


JmphedtA) 
ImphedlX) 
Olfect 
(No Offset) 
(8·811Offset) 


OP • 
- 
OP • 
- 
OP • 
- 
OP • 
- 
OP • 
- 
H 
I 
N 
Z 
C 


Increment 
INC 
4C 
1 
2 
5C 
1 
2 
3C 
2 
5 
7C 
I 
5 
6C 
2 
6 
A+l 
....•A or X+l 
....•X or M+l-M 
• • 


A 
A • 


Decrement 
DEC 
4A 
I 
2 
SA 
1 
2 
3A 
2 
5 
7A 
I 
5 
6A 
2 
6 
A-l_A 
or X-1 
....•X or M-1 
......• 
M • • " , • 


Clear 
CLR 
4F 
I 
2 
SF 
I 
2 
3F 
2 
5 
7F 
I 
5 
6F 
2 
6 
CO ....•A or OO-X 
or OO......• 
M 
• • 
0 
I • 


Complement 
COM 
43 
I 
2 
53 , 
2 
33 
2 
5 
73 
I 
5 
63 
2 
6 
A--A 
or X--X 
or 
M-M 
• • 


A 
I 


Negate 
OO-A 
......• 
A or OO-X-X 


(2"5 Complement) 
NEG 
40 
1 
2 
50 
1 
2 
30 
2 
5 
70 
I 
5 
60 
2 
6 
or OO-M--M 
·· 


A 
A , 


Rotate 
Left 
Thru 
Carry 
ROL 
49 
I 
2 
59 
1 
2 
39 
2 
5 
79 
I 
5 
69 
2 
6 l&ib. 


AorXorM 
"IJ 
, , 
A 
I I I I I 
• • 
I 
I 


Rotate 
Right 
Thru 
Carry 
ROR 
46 
I 
2 
56 
1 
2 
36 
2 
5 
76 , 
5 
66 
2 
6 LriHb. 
H·~~: 
..I ..~ • • , 
A 
A 


C 
I 
I 


c 
b. 
.. 
Logical 
Shift 
Left 
LSL 
48 
I 
2 
58 
I 
2 
38 
2 
5 
78 , 
5 
68 
2 
6 [}-l I ~~:xHI I t-0 ·· 


A 
A 
A 


b. 
Oo 
c 


logic.1 
Shift 
Right 
LSR 
44 
I 
2 
54 
I 
2 
34 
2 
5 
74 
1 
5 
64 
2 
6 0" I I·H~:.•I I 1-0 
• • 
0 
A 
A 


ArithmetiC 
Shift 
Right 
[(b. 
Oo 
C 
ASR 
47 
1 
2 
57 
I 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
H+':"! I KJ 
• • 


A 
A 
A 
I 


ArithmetiC 
Shift 
Left 
ASL 
48 
I 
2 
58 
I 
2 
38 
2 
5 
78 
I 
5 
68 
2 
6 
Equal to LSL 
• • 
A 
A 
A 


Tut 
for 
Neg.tlve 


or bro 
TST 
4D 
I 
2 
5D 
I 
2 
3D 
2 
4 
7D 
I 
4 
60 
Z 
5 
A-OO;.Jr 
X-OO 
or M-OO 
·· 


A 
A • 


Symbols: 
Op· 
Operation 


• 
• Number 
of bytes 


- 
• Number 
of cycles 
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AddressingModes 
Condition Code 
Operations 
Mnemonic 
Relative 
BranchTest 


OP 
;I 
- 
H 
I 
N 
Z 
C 


Branch Always 
BRA 
20 
2 
3 
None 
• • • • • 


Branch Never 
BRN 
21 
2 
3 
None 
• • • • • 
Branch IF Higher 
BHI 
22 
2 
3 
c+z=o 
• • • • • 
Branch IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=l 
• • • • • 
Branch IF Carry Clear 
BCC 
24 
2 
3 
c=o 
• • • • • 
(Branch IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch IF Carry Set 
BCS 
25 
2 
3 
C=l 
• • • • • 
(Branch IF lower) 
(BlO) 
25 
2 
3 
C=l 
• • • • • 
Branch IF Not Equal 
BNE 
26 
2 
3 
z=o 
• • • • • 
Branch IF Equal 
BEQ 
27 
2 
3 
Z=l 
• • • • • 
Branch IF Half Carry Clear 
BHCC 
2B 
2 
3 
H=O 
• • • • • 
Branch IF Half Carry Set 
BHCS 
29 
2 
3 
H=l 
• • • • • 
Branch IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 
Branch IF Minus 
BMI 
2B 
2 
3 
N=l 
• • • • • 
Branch IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 
Branch IF Interrupt 
Mask 


Bit is Set 
BMS 
20 
2 
3 
1=1 
• • • • • 
Branch IF Interrupt 
Line 


is low 
Bil 
2E 
2 
3 
INT=O 
• • • • • 
Branch IF Interrupt 
Line 


is High 
BIH 
2F 
2 
3 
INT=l 
• • • • • 
Branch to Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: 
Op - Operation 
•. 
•• Number of bytes 


- 
• Number 
of cycles 


AddressingModes 
Booleanl 
Condition Code 
Operations 
Mnemonic 
Bit Set/Clear 
BitTestandBranch Arithmetic 
Branch 


Test 
OP 
:I - 
OP 
# - 
Operation 
H 
I 
N 
Z 
C 
Branch IF Bit n is set 
BRSETn(n-0···7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=1 
• • • • 
1\ 


Branch IF Bit n is clear 
BRClR n(n=0···7) 
- 
- 
- 
01+2·n 
3 
5 
- 
Mn=O 
• • • • 


1\ 


Set Bit n 
BSETn(n=0···7) 
10+2·n 
2 
5 
- 
- - 
1-Mn 
- 
• • • • • 
Clear Bit n 
BClR n(n-0···7) 
11+2·n 
2 
5 
- 
- 
- 
O-Mn 
- 
• • • • • 
Symbols: 
Op· 
Operation 
• 
• Number of bytes 


- 
• Number 
of cycles 
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Addressing Modes 


Condition 
Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
# 
- 
H 
I 
N 
Z 
C 
Transfer 
A to X 
TAX 
97 
1 
2 
A-X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X-A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
l-C 
• • • • 
1 
Clear Carry Bit 
CLC 
9B 
1 
1 
O-C 
• • • • 
0 
Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 
1-1 
• 
1 • • • 
Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 
0-1 
• 
0 • • • 
Software 
Interrupt 
SWI 
B3 
1 
10 
• 
1 • • • 
Return from 
Subroutine 
RTS 
B1 
1 
5 
• • • • • 
Return from 
Interrupt 
RTI 
BO 
1 
B 
? 
? 
? 
? 
? 


Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF-SP 
• • • • • 
No-Operation 
NOP 
90 
1 
1 
Advance 
Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
BD 
1 
2 
Converts 
blnarv 
add of BCD charcters 
Into 
• • 
1\ 
1\ 
1\" 
BCD 
format 


Stop 
STOP 
BE 
1 
4 
• • • • • 
Wait 
WAIT 
BF 
1 
4 
• • • • • 
Symbols; 
Op· 
Operation 


/I 
- Number of bytes 
- 
- Number of cycles 


Addressing Modes 
Condition 
Code 


B't 
Bit 


Mn.monic 
Indexed 
Indexed 
Indexed 
Set! 
Test & 


Implied 
Immediate 
Direct 
Extended 
Relati .••.e 
(No Offset) 
(8-Bit) 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 
ADC 
x 
x 
x 
x 
x 
X 
1\ • 
1\ 
1\ 
1\ 


ADD 
x 
x 
x 
x 
x 
X 
1\ • 
1\ 
r 
1\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
ASL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ASR 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEQ 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
IBHS) 
x 
• • • • • 


BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 


1\ 
1\ • 


IBLO) 
x 
• • • • • 
BL'S 
x 
• • • • • 


BMC 
x 
• • • • • 


BMI 
x 
• • • • • 
BMS 
x 
• • • • • 


BNE 
x 
• • • • • 
BPL 
x 
• • • • • 


BRA 
x 
• • • • • 


Condition Code Symbols: 


H 
Half Carry (From Bit 3) 


I 
Interrupt Mask 


N 
Negative (Sign Bit) 


Z 
Zero 


Carry I Borrow 
Test and Set if True. Cleared Otherw;se 
Not Affected 
Load CC RegisterFrom Stack 
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Addressing Modes 
Condition Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set 
Test & 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
(B-Blt) 
116-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 


BRSET 
X 
• • • • 
BSET 
x 
• • • • • 


BSR 
X 
• • • • • 


CLC 
x 
• • • • 
a 


CLI 
x 
• 
a • • • 
CLR 
x 
x 
x 
x 
• • 
a 
1 • 
CMP 
x 
x 
x 
x 
x 
x 
• • 


1\ 
1\ 
1\ 


COM 
x 
x 
x 
x 
• • 
1\ 
1\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
A " 


1\ 


OAA 
x 
• • 


1\ 
1\ 
1\ 


OEC 
x 
x 
x 
x 
• • 
1\ 
1\ • 


EaR 
x 
x 
x 
x 
x 
x 
• • 
1\ 
"- 
• 


INC 
x 
x 
x 
x 
• • 
!\ 
'\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 
LOA 
x 
x 
x 
x 
x 
x 
• • 
1\ 
'\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
!\ 
/\ • 
LSL 
x 
x 
x 
x 
• • 
1\ 
1\ 
!' 


LSR 
x 
x 
x 
x 
• • 
a 
!\ 
A 


NEG 
x 
x 
x 
x 
• • 
1\ 
!\ 
1\ 


NOP 
x 
• • • • • 
ORA 
x 
x 
x 
x 
X 
X 
• • 
!\ 
'\ • 
ROL 
x 
x 
x 
x 
• • 
1\ 
1\ 
!\ 


ROR 
x 
x 
x 
x 
• • 


1\ 
1\ 
A 


RSP 
x 
• • • • • 
RTI 
x 
? , , , , 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • " 
!\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
!\ 
'\ • 
STOP 
x 
• • • • • 
STX 
x 
x 
x 
x 
x 
• • 
!\ 
'\ • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
!\ 
1\ 
1\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 
1\ 
1\ • 
TXA 
x 
• • • • • 
WAIT 
x 
• • • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 31 
I 
Interrupt 
Mask 


N 
Negative 
IS'gn 
Bit) 


Z 
Zero 


Carry 
Borrow 


Test and Set If True. 
Cleared 
Otherwise 


Not Affected 


Load CC Register 
From Stack 
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Bit Manipulation 
Branch 
Read Modify/Write 
Control 
Register /Memory 


Test & 
Set/ 


Branch 
Clear 
Rei 
OIR 
A 
X 
,Xl 
,XC 
IMP 
IMP 
IMM 
OIR 
EXT 
,X2 
,Xl 
,XC 
0 
1 
2 
3 
4 
5 
6 
7 
e 
9 
A 
B 
C 
0 
E 
F 
~ 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BCLRl 
BLS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
- 
TAX' 
- 
STA 
5TA/+l 
7 


8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
- 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
- 
CLI" 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
- 
- 
SEI" 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP' 
- 
JMP(-1) 
C 


0 
BRCLR6 
BCLR6 
BMS 
T5TI-I11 
TST 
I TST(-l) 
OAA' 
NOP 
BSR' 
JSR(+2) 
JSR(+ 
1) 
J5R(+2j 
0 


E 
BRSET7 
BSET7 
BIL 
- 
STOP' - 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT' TXA' 
- 
STX 
5TX(+1 
F 


3/5 
2/5 
2/3 
2/5 I 1/2 I 1/2 I 2/6 I 1/5 
11' 
1/1 
2/2 
2/3 
3/4 
3 5 
2/4 
1/3 


(NOTES) 
1. 
"-" 
is an undefined operation 
code. 


2. 
The lowermost 
numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycles). 


The number 
of cycles 
for the mnemonics 
asterisked 
(e) 
is as follows: 


RTI 
8 
TAX 
2 
RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 
DAA 
2 
8SR 
5 
STOP 
4 
ell 
2 
WAIT 
4 
SEI 
2 


3. 
The parenthesized 
numbers must be added to the cycle count of the particular 
instruction. 


• 
Additional 
Instructions 


The following 
new instructions 
are used on the HD6305Y: 


DAA 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code. 


WAIT 
Causes the MCV to enter the wait mode. For this mode, 
see the topic, 
Wait Mode. 


STOP 
Causes the MCV to enter the stop mode. For this mode, 
see the topic, 
Stop Mode. 
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HD63L05F1-------- 
CMOS MCU (Microcomputer 
Unit) 


The 
HD63L05Fl 
is a CMOS single-chip 
microcomputer 
suit- 


able 
for 
low-voltage 
and 
low-current 
operation. 
Having 
CPU 


functions 
similar 
to 
those 
of 
the 
HMCS6800 
family. 
the 


HD63L05Fl 
is equipped 
with 
a 4k bytes 
ROM, 96 bytes 
RAM, 
1/0, timer, 
8 bits AID, and 
LCD (7 x 7 segments 
max.) 
drivers. 
all on one chip. 


• 
HARDWARE 
FEATURES 
• 
3V Power 
Supply 


• 
8-8it 
Architecture 


• 
Built·in 
4k Bytes 
ROM (Mask 
ROMI 
• 
Built-in 
96 Bytes 
RAM 


• 
20 Parallel 
1/0 Ports 


• 
Built-in 
7 x 7 Segments 
LCD Driver Capability 


• 
Built-in 
8·Bit Timer 


• 
Built-in 
8-Bit AID Converter 
• 
Program 
Halt Function 
for Low Power 
Dissipation 
• 
Stand-by 
Input 
Terminal 
for Data 
Holding 


• 
SOFTWARE 
FEATURES 
• 
An Instruction 
Set Similar 
to That 
of The HMCS6800 


Family 
(Compatible 
with 
The 
HD6805S) 


• 
HMCS6800 
Family 
Software 
Development 
System 
is Appli- 


cable 


XIN 
VCC 
SB 


1 
INT 
RES 
VSS 
EXTAL 
XTAL 
NC 
A7 
A. 
As 
A4 
A, 
A, 
A, 
A. 
B7 
B. 
Bs 
B. 
B, 
B, 


41 
Bt 
B. 
C, 


38 
C2 


37 
C. 
C. 
COM, 
COM, 
COM, 


XOUT 
, 
') 


NUM 
TIMER 


VRH 


VRL 
CC, 
CC, 
NC 
E 
VCH 


CHI 
" 
V,/CH7/0,. 
12 
SEG'7/CH, 
' 
SEG,./CH, 
1 
V,/CH.I018 
' 


SEG15/CH. 
1 
HD63L05F 
1P 
NC 
SEG14/CHs 
' 
SEG"/CH. 
1 
SEG12 
SEGlI 
21 
SEG,. 
SEG. 
2 
SEG. 
SEG7 
2 
SEG. 
2 
SEGs 
SEG. 
SEG, 
SEG, 
SEG, 
~ 
NC 
•..•• 
r- 


• 


NC 


XTAL 
2 


NC 
NC 


EXTAl 
~ 


Vss 
RES 
fNT 
S8 
NC 
vcc 


XIN 
NC 
NC 


XOUT 
,~ 


NUM 
'6 


TIMER 
n 


V'H 
V" 
cc, 


CC. 
NC 


E 


VCH 


c. 
, 
c, 
, 
c, 


~, 
Co 


~ 
COM, 


, NC 


!I 
COM, 


S 
COM, 


s 
SEG, 


!I' Ne 


s 
SEG, 


• 
SEG. 


• 
NC 
4' 
SEG. 
4' SEG. 


• NC 
u SEG. 


• 
SEG, 


42 Ne 


.' 
SEG. 
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Common 
COM. 


Driver 
COM, 


Output 
COM, 


Data 
SEG. 
Latch 
lCOI 
SEG, 


8 
SEG, 


lC02 
SEG. 


8 
:; 
SEG, 


C> 
SEG. 
lC03 
:; 
SEG, 
0 


XIN 
XOUT 
.~ 
SEG• 


lC04 
0 
SEG, 


E 
SEG•• 
•. 
E 
SEGu 


lC05 
'"~ 
SEGI1 


SEG•• 


lC06 
SEG•• 


NUM 
7 
SEGu 


TIMER 
7 
lC07 
SEG•• 


4 
lC08 
SEG1'J 


8 
e0.~:! 
.... 


Accumulator 


~O 
.. 
0 


A 
u 
~ 
CHi 


8 
e 
(CH,1 
0 
Index 
U 
(CH,I 


Register 
0 
(CH.I 
A. 
e 
8 
X 
oe 
< 
(CH,1 
A. 
0 
:(g 


A, 
c(! 
.~ G 
Condition 
u 
ICH.1 


A, 
~.~ 
~w 
Code Reg. 
(CH,1 


A. 
o'~ 
5 
CCR 
(CH.1 


A, 


o..~ 
;a: 
CPU 
Stack 


A. 
0 
Pointer 
A, 
5 
SP 
e 
8. 


Program 
0 
8. 


Counter 
'~i 
~~ 
8, 


4 
"High" 
PCH 
AlU 
c'~ 
0'01 
B, 


Program 
:!'" 
o..~ 
B. 


Counter 
.. 
B, 
0 
B 
"Low" 
PCl 
B. 
B, 


e0h 
':; 
C. 


o 'zo 
0'0 
C. 


:!'" 
o..~ 
C, 
.. 
c, 
0 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc 
-0.3 - 
+5.5 
V 


Input Voltage 
Vin 
-0.3 - 
V cc+<l.3 
V 


Output 
Voltage 
Vout 
-0.3 - 
V cc+<l.3 
V 


Operating Temparature 
Topr 
-20 - 
+75 
°c 


Storage Temparature 
Tstg 
-55-+125 
°c 


(NOTE I 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. 


Normal 
operation 
should be under recommended 
operating conditions. 
If these conditions 
are exceeded. 
it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 
(VCC = 3.0V ±O.8V, Vss = OV, Ta = -20 - 
+75"C, typ means typical 
value at Vcc 
= 3.0V, 


unless otherwise noted.l 


Item 
Symbol 
Test Cond ition 
min 
typ 
max 
Unit 


XTAL, 
XIN 
Connect CL = 0.5/iF to 
V cc-o.3 
- 
Vcc 
V 
VCH 
Input "High" 
RES,INT, 
SB 
V'H 
0.5Vcc+0.9 
- 
Vcc 
V 


Level Voltage 
TIMER 
0.8Vcc 
- 
Vcc 
V 


NUM (Normal Mode) 
Vcc-o·2 
Vcc 
V 


XTAL, 
XIN 
Connect CL - 0.5/iF to 
Vcc-2.1 
- 
Vcc-1.8 
V 
VCH 


Input "Low" 
RES, INT, SB 
V'L 
Vss 
- 
0.2Vcc 
V 


Level Voltage 
TIMER 
Vss 
0.2Vcc 
V 
- 


NUM (Test Mode) 
Vss 
- 
0.2 
V 


Self Check Input 
NUM (Self Check Mode) 
V'M 
0.5Vcc-0.2 
- 
0.5Vcc+0.2 
V 
Voltage 


Input Pull-Up 
RES (lNT: 
Mask Op- 


tion) 
-IR1 
Vcc 
= 3.0V, V," = OV 
3 
15 
30 
/iA 
Current 
NUM 


Input 
Leakage 
TIMER, 
SB 
IIINI 
V," = OV - 
Vcc 
- 
- 
1.0 
/iA 
Current 


During 
System 
f = 400kHz 
- 
100 
200 
/iA 


Crystal' 
Operation 
No load_ 
Oscilla- 
At Halt 
Icc, 
Tested after setting 
- 
40 
80 
/iA 
tion 
At Standby 
up the internal status 
- 
2 
5 
/iA 


At AID 
by self check. 


Current Dissipa- 
Operation 
- 
200 
600 
/iA 


tion 
_. 


During 
System 
R = 100kn 
- 
120 
200 
/iA 


RC' 
Operation 
No load. 
Oscilla· 
At Halt 
Icc2 
Tested after setting 
- 
60" 
100" 
/iA 
~--- 
tion 
At Standby 
up the internal status 
- 
2 
5 
/iA 


At AID 
by self check. 


Operation 
- 
220 
600 
/iA 


Output 
"Low" 
E 
VOL 
IOL = 30/iA 
- 
- 
0.3 
V 
Level Voltage 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Operating 
Clock 
Frequency 
fel 
100 
400 
500 
kHz 


Cycle Time 
tcyc 
8 
10 
40 
IJ.s 


Oscillation 
Frequency' 
foscR 
R = lookn 
±1% 
300 
400 
500 
kHz 
(Resistor 
Option) 


External 
Clock Duty 
Duty 
45 
50 
55 
% 


Oscillation 
Start Time 
• 
tOSC! 
Co = 10pF ±20%, Rs = lkn 
max 
- 
- 
150 
ms 
(Crystal 
Option) 


Oscillation 
Start Time' 
tOSCR 
R = 100kn±1%, 
- 
- 
2 
(Resistor 
Option) 
Connect CL = 0.51J.Fto V CH 
ms 


Oscillation 
Start Time (32kHz)' 
tosc• 
e;, = 10pF ±20%, Rs = 20kn 
max 
- 
- 
1 
s 


I nternal 
Capacitance 
I 
EXTAL 
- 
10 
- 
pF 


of Oscillator 
I 
XOUT 
CD 
- 
10 
- 
pF 


Delay Time of Oscillation 
Delay 
tOLY 
Selected by mask option 
0 
- 
1 
s 
Time' 


Reset Delay Time 
tRLH 
External 
Capacitance = 2.21J.F 
200 
- 
- 
ms 


RES Pulse Width' 
tRWL 
With 
32kHz 
OSC 
48 
- 
- 
IJ.s 


Without 
32kHz 
OSC 
1.5tcyc + 1 
- 
- 
IJ.s 


INT Pulse Width . 
When OSCl 
is not stopped by Halt 
tcye+ 1 
- 
IJ.S 


t'WL 
When OSCl 
is stopped by Halt 
32 
- 
- 
IJ.S 


TIMER 
Pulse Width 
tTWL 
In the case of counter 
lcye+ 1 
- 
- 
IJ.s 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Port A, 8, C 
CMOS Output, 
IOH = -1001J.A 
Vcc-o·3 
- 
- 
V 
. 
Output 
"High" 
Level Voltage 


Port A, 8, C 
VOH 
Key Load CMOS Output 
Vcc-o·3 
- 
- 
V 
IOH = -101J.A 


Output 
"Low" 
Level Voltage 
Port A, 8, C 
VOL 
IOL - loolJ.A 
- 
- 
0.3 
V 


Input 
"High" 
Level Voltage 
Port A, 8, C 
V'H 
0.8Vcc 
- 
Vcc 
V 


Input 
"Low" 
Level Voltage 
Port A, 8, C 
V'L 
Vss 
- 
0.2Vcc 
V 


Input 
Leakage Current 
Port A. 8, C 
II'NI 
V,n - OV - 
Vcc 
- 
- 
1.0 
IJ.A 


Input 
Pull-Up 
Current' 
Port A, 8, C 
-IR2 
Vcc 
- 3.0V. V'n - OV 
4 
20 
40 
IJ.A 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


VOH, 
2.8 
V 


Output 
"High" 
Level Voltage 
Segment 
VOH2 
V, 
= I.OQV, V, 
=2.00V 
1.8 
- 
- 
V 
IOH = -IIlA 
VOH3 
0.8 
- 
- 
V 


VOLl 
2.2 
V 


Output 
"Low" 
Level Voltage 
Segment 
VOL2 
V, 
= I.OQV, V, 
= 2.OQV 
- 
- 
1.2 
V 
IOL = IIlA 
VOL3 
- 
- 
0.2 
V 


VOH1 
2.8 
- 
- 
V 


Output 
"High" 
Level Voltage 
Common 
VOH2 
V, 
= I.OQV, V, 
=2.00V 
1.8 
- 
- 
V 
IOH = -51lA 
VOH3 
0.8 
- 
- 
V 


VOLl 
- 
- 
2.2 
V 


Output 
"Low" 
Level Voltage 
Common 
VOL2 
V, 
= 1.00V, 
V, 
= 2.00V 
- 
- 
1.2 
V 
IOL = 51lA 
VOL3 
- 
- 
0.2 
V 


Dividing 
Resistor 
RLCD 
Tested 
between 
V I and V, 
45 
90 
180 
kn 


Output 
"High" 
Level Voltage . Segment 
VOH 
In the case of Output 
Port, 
Vcc-O.3 
- 
- 
V 
IDH = -301lA 


Output 
"Low" 
Level Voltage" 
Segment 
VOL 
In the case of Output 
Port, 
- 
- 
0.3 
V 
IDL = 30llA 


Vcc 


O.l~F 
VOH' 
V, 


VOH2 


V, 


VOH3 


Vss 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Resolution 
- 
- 
8 
bit 
Conversion 
Accuracy 


Absolute 
Accuracy 
VRL - 0.2V<V;n 
<VRH 
- 2.0V 
-2 
+2 
LS8 
- 


"High" 
Side 
VRH 
- 
- 
Vcc 
V 


Reference Voltage 
"Low" 
Side 
VRL 
Vss 
- 
- 
V 


VRH - 
VRL 
/',VREF 
1.8 
- 
- 
V 


Input 
Voltage 
Range 
Input 
Range 
V1N 
VRL 
- 
VRH 
V 


Input 
Dynamic 
Range 
VOYN 
0.2 
- 
Vcc-l.0 
V 


Ladder Resistor (V RH -VRL! 
RHL 
40 
80 
160 
kn 


Conversion 
Time 
tCNV 
2 
- 
4 
ms 


Programmable 
Judge Error 
VRL - 0.2V<V;n 
<VRH 
- 2.0V 
-4 
- 
+4 
LSB 
Voltage 
Comparison 
I Judge Time 
tCMP 
- 
- 
60 
/lS 


Analog Input Voltage 
(When the input voltage is in the dead lone, 
the result of the conversion is not guaranteedJ 


Analog Input 
Voltage 
I Ladder resistor indicates the compared voltage.) 


Example of 3 bit Resolution 
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• 
SIGNALS 
The input and output 
signals of the MCU are described in 
the following: 


• 
Vcc. Vss 
Power is applied to the MCU at these two terminals. Vcc 
is a positive power input port and Vss is grounded. 


• 
INT 
This terminal is used to envoke an external interruption 
to 
the MCU. For details, see the information given under the title, 
"Interruptions" (L Negative going edge type). 


• 
XTAL. EXTAL 
These are control 
input ports to the built-in clock circuit. 


A crystal or a resistor is connected to each of them depending 
on the degree of stability of the internal oscillation. For the 
method 
of using the input 
terminals, 
see the 
information, 
"Internal Oscillator Option" 


• 
XIN. XOUT 
These terminals are connected to a crystal for the oscillator 
on the time base. A clock operation 
is possible by using a 


32.768kHz crystal. For details, see "Internal Oscillator Option". 


• 
TIMER 
An external 
Input terminal 
at which the internal timer 
IS 


counted down. For details, see the Information, "Timer" 


• 
RES 
Used to reset the MCU. For details, see "Reset". 


• 
STAND8Y 
(S8) 
An external input terminal used to stop the MCU and hold 
data. For details, see "Internal Oscillator Option". 


• 
AID Input Terminals (CH, - CH.) 
Input 
terminals for analog voltages needed for A/D conver- 


sion. These may also be used as level check inputs under pro- 
gram control. 
For details, see the information, 
"A/D Conver· 


ter". 


• 
VRH. 
VRL 


Reference voltages for AID 
conversion are applied to these 
two terminals. For details, see "A/D Converter" 


• 
CCI.CC2 
These are not intended for user applications. Open them. 


• 
NUM 
This is not intended for user applications. Connect it to Vcc· 


• 
Input/Output 
Terminals (Ao - A7• 80 
- 87• Co - C,) 


Each of these 20 terminals consists of two 8 bits ports and 
one 4 bits ports. It may be used as an input or output 
under 
program control 
of the data direction register. For details, see 


"Input/Output". 


• 
Liquid Crystal Driver Terminals (COM, - 
COM,. SEG, - 
SEG,,) 
COM, - 
COM, are for driving common electrodes, while 
SEGI - SEG" 
are for driving segments. SEG, - SEG" 
can be 
used as outputs 
by mask-option 
and SEG13 
- 
SEG" 
can be 
used as analog inputs for A/D converter by mask-option. 


Mixing segment driver with output 
port is not available in 


mask-option. 


• 
VI. 
V2 
These are terminals for LCD driver. V I and V2 are connected 


to Vcc via capacitors (O.Jj.LFeach). These two terminals can be 
used as output 
or analog inputs by mask·option when segments 


are used as output ports. 


• 
VCH 
Output terminal from internal voltage regulator. A capacitor 


(O.5j.LF) is connected 
between VCH and Vcc. Don't draw cur- 


rent from this terminal. 


• ESystem clock output (cycle clock 100kHz typ.) 
This NMOS open-drain output 
stays at "Low" level when the 


MCU is in halt mode, standby mode or reset. 


• 
MEMORY 
The MCU memory is configured as shown in Figure I. During 


the processing of an interrupt, the contents of the MCU resisters 
are pushed onto the stack in the order shown in Figure 2. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter 
is stacked first; then the high 


order four bits (PCH) are stacked. This ensures that the program 
counter 
is loaded 
correctly 
as the stack pointer 
increments 


when it pulls data from the stack. A subroutine 
call will cause 


only the program counter (PCH, PCL) contents 
to be pushed 


onto the stack. 


I/OPo,tI 
Time< 
AlO 
LCD, 
SYS 
CTRl 
RAM 


'_Z.ro 
ROM 


11288y'all 


Pon 
A 
1000 


P0" B 
SOO, 
, , 
Port 
C 
s002 


Not 
UMCl 
1003 


1'0'1 
A DOR" 
.... 


Pon 
8DOR" 
""" 
Not Vwd 
Pon 
C OOR' 
SOO6 


NOI 
Used 
1007 


TIMER 
Olle 
A~. 
$OOll 


TIMEA 
CTAL 
RIIlII. 
SOO9 


""'A 


NotUioed 


1000 


AID oa'a 
Altlil. 
lOll' 


AID 
CTAL 
Reg 
100' 


SOlO 


Not 
Used 
S013 


LCDl 
DatAR",,' 
S014 


lC02 
D." Rt'g" 
SOlS 


LCOl 
aalaRI'\I" 
SOl. 


LC04 
0." R"9," 
S017 


'CDS 
CateR.,." 
SO'8 


'COO 
0." Rtt,' 
S019 


LCD1 
OalaReg" 
SO'A 


Nol 
Used 
LC08 
0 
R 
SO'8 


SVS 
CTAL 
Aeg 
SO'C 


S010 


NOI UMd 


SOIF 


S010 


AAM 
196 By, •• l 
------------- 
S060 
STACK 


SO" 


• W"'a 
Only Rq'"a. 
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S.11Ch~1r. 


ROM 


1196 
By, •• l 


'", ••.<Upl 
VKlorS 


ROM 


('lBytt$! 


• 
Index Register (X) 
The index register is an g-bit register used for the indexed 


addressing mode. It contains an g-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data mani- 
~HITACHI 
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(Cautions) 
It is not possible to change the contents of the Write Only 


Register (For example, the Data Direction Register of the I/O 
port) of the HD63LOSFI by applying the Read/Modify/Write 
instructions, BSET, or BCLR. 


For preventing the system from wild running, don't 
read 


the Not Used area of the memory map. 


0 
Pull 


n-4 
Condition 
n+1 
Code Reg. 


n-3 
Accumulator 
n+2 


n-2 
I ndex Register 
n+3 


n-1 
PCW 
n+4 


PCl' 
n+5 


• 
REGISTER 
The CPU has five registers that can be operated by the pro- 
grammer. They are shown in Figure 3. 


~ 
o 
I Accumulator 


_________ 
0 


_____ 
X 
'lndex 
Register 


11 
0 
I... 
PC 
I Program Counter 


11 
5 _4 
0 


~~ 
__ 
s_p __ 
l Stack 
Pointer 


Negative 


I nterrupt 
Mask 


Half Carry 


• 
Accumulator (A) 
The accumulator 
is a general purpose g-bit register used to 


hold operands 
and results of arithmetic 
calculations 
or data 


manipulations. 


pulations when using read/modify/write 
instructions. When not 


required by a code sequence being executed, the index register 
can be used as a temporary storage register. 


• 
Program Counter (PC) 
The program counter is a 12-bit register that contains the 


address of the next instruction to be executed. 


• 
Stack Pointer (SP) 
The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented 
as data is being 


pushed onto the stack and incremented as data is being pulled 
from the stack. The most significant bits of the stack pointer 
are permanently 
set to 0סס oo II. 
During a MCU reset or the 


reset stack pointer (RSP) instruction, 
the stack pointer 
is set 


to location 
$07F. 
Subroutines 
and interrupts 
may be nested 


down to location 
$061 which allow the programmer 
to use 


IS levels of subroutine calls. 


• 
Condition Code Register (CC) 
The condition 
code register is a S-bit register in which each 


bit is used to indicate or flag the results of the instruction just 
executed. 
These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition 
code register bit is explained in the following 


paragraphs. 


Half Carry (HI 
Used during 
arithmetic 
operations 
(ADD 
and 
ADC) to 


indicate that a carry occurred between bit 3 and bit 4. 


Interrupt (I) 
This bit is set to mask the internal interrupts and external 


interrupt (iNt). If an interrupt 
occurs while this bit is set, it is 


latched 
and will be processed as soon as the interrupt 
bit is 


reset. 


(Note) 
eLl (clear interrupt mask bit) is used to allow the interrup- 


tion from the instruction 
after next. SEI (set interrupt 
mask 
bit) masks the interruption 
from next instruction. 


Negative (N) 
Used to indicate that the result of the last arithmetic, logical 


of data 
manipulation 
was negative (bit 7 in result equal to 


logical one). 


Zero (Z) 
Used to indicate that the result of the last arithmetic, logical 
of data manipulation was zero. 


Carry/Borrow (C) 
Used to indicate that a carry or borrow out of the arithmetic 


logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruction, 
shifts, and rotates. 


• 
SYSTEM CONTROL REGISTER 
Apart from the registers for program operation 
explained 


above, there is a register that controls 
system operation. 
Its 
configuration is shown in Figure 4. 


A Time Base counter 
is built in the MCU to generate two 


kinds of time base interrupts 
(I second cycle and 1/16 second 


cycle). Clock signal to this counter is provided from the OSCI 
or OSC2 depending 
on the 
mask-option. 
This counter 
is a 


frequency divider behind the 32 kHz oscillator. 


• 
Time 
Base 
Interrupt 
Request 
Flag (TB 
INTI 


Stores 
an interrupt 
request 
from the time base which is 


selected by the TB select bit and is cleared by system reset or 
by software. If the TB MASK bit or I (Interrupt bit in the CCR) 
is set, the interrupt 
request is not acknowledged. Only logical 


"0" can be written into this bit by software. 


• 
Time 
Base 
Interrupt 
Mask (TB MASK) 


If this bit is set, an interrupt 
request from the time base 
is not acknowledged. 


• 
Time 
Base Select 
Bit (TB SE LECTI 


This bit selects the time base. In logical "I ", an interrupt 


from the I-second cycle time base is acknowledged. In logical 
"0",1/16 
second cycle time base is acknowledged. 


• 
Time 
Base Reset 
Bit (TB 
RESETI 


This bIt resets the 
frequency 
divider behind 
the 
32kHz 


oscillator. When this bit is set, one shot reset pulse 'is generated 
by the hardware. Then it resets the frequency divider and after 
that, the frequency divider restarts. 
The CPU always reads this 


bit as logical "0" 
Since the frequency 
divider also provides the system clocks 


to the AID converter and LCD drivers etc., writing "I" to "TB 
RESET" 
bit during execution 
of AID 
converter and TIMER 


(when </>32kis selected) causes different data from the correct 
result and writing "I" 
to this bit causes flicker of the LCD 


display. 


• 
Halt (HAL TI 
Used to halt the CPU. When this bit is set, the registers are 


saved onto 
the stack in the same sequence as interrupt 
pro- 


cessing. After 
all registers have been 
saved, the CPU halts 


and is wait-for-interrupt 
state. 
If this bit is reset by an external interrupt 
or an internal 


interrupt, the CPU restarts operating. By using the Halt function 
with Time Base Interrupt, 
the CPU can operate intermittently 


itself. 


• 
EXT 
When the form of output port is selected by DUTY selecting 


bit and the mask-option, 
</>WRITEis available at the specified 


terminal 
(SEGI 
to 019) according 
to the designation of pin 


location. 
</>WRITEclock can be got on every writing data into 


LCD register I and be used as the write clock in the case of 
transferring 
data of LCD register I to the outside. Normally, 
EXT must be reset. 


• 
Duty 
Select 
Bit (LCD 
DUTY) 


The LCD drive signal is based on 1/3 bias - 
1/3 duty. How- 


ever, there are switching circuits built in for static drive signal 
and output 
ports. 
For details, see the information 
given in 


(Note) 
The EXT bit and the LCD DUTY bits have to be initialized 


in I milli second from the start of CPU operation when the 
static drive signal or output port is selected. 


• 
TIMER 
The MCU timer circuitry 
is shown in Figure 5. The 8-bit 


counter 
is loaded 
under 
program 
control 
and counts 
down 


toward zero as soon as the clock input is applied. When the 
timer reaches zero the timer interrupt 
request bit (bit 7) in 


the 
timer 
control 
register is set. The CPU responds 
to this 


interrupt 
by saving the present CPU state in the stack, fetching 


the timer interrupt 
vector from locations $FF8 and $FF9 and 


executing 
the 
interrupt 
routine. 
The timer interrupt 
can be 


masked by setting the timer interrupt 
mask bit (bit 6) in the 


timer control register. The interrupt bit (I bit) in the condition 
code register will also prevent a timer interrupt 
from being 


processed. 
The clock input to the timer can be from an external source 


applied to the TIMER input terminal (active at negative edge) or 
it can be the internal signal (</>2or </>32 
k). When the internal 
clock signal is used as the source, the clock input is gated by the 
input applied to the TIMER input terminal; this permits easy 
measurement 
of its pulse width. </>2is provided from OSCI and 


the frequency is 1/4 of OSCI. </>32kis provided from OSCI (the 
frequency 
is 1/12 of OSCI) 
or OSC2 (32.768 
kHz crystal) 


depending 
on 
the 
mask-option. 
If the 
OSCI continues 
to 


oscillate during the halt mode, 32.768 kHz crystal is selected 
as the clock source or external clock is applied, the timer can be 
active in the halt 
mode. 
Note 
that 
the timer operation 
is 


asynchronous 
to the CPU when the mask-option 
which the 


OSCI stops oscillating in the halt mode is selected. 


A 7-bit prescaler is provided to extend the timing interval 


up to a maximum of 123 counts before being applied to the 
timer. The number of preseaIing counts can be program control- 
led by the lower 3 bits within the TIMER CTRL register. The 
timer continues to count past zero and its present count can be 
monitored 
at any time by monitoring the TIMER Data register. 


This allows a program to determine 
the length of time since 


a timer interrupt 
has occurred 
and not disturb the counting 


process. 
At the time of resetting, the prescaler and the counter are 
all initialized to logical "I". 
The timer interrupt 
request bit is 


cleared 
and the 
timer 
interrupt 
mask bit is set. The timer 
interrupt 
request bit (bit 7 of TIMER CTRL Register) is set to 


logical "I" 
when timer count reaches zero, and is cleared by 


program or by system reset. Only logical "0" can be written 
into this bit by program. The bit 6 of Timer Control Register 
is writable 
by program. 
Both of these bits can be read by 


CPU. 


• 
RESETS 
The MCU can be reset either by initial power-up or by the 


external reset input (RES). All the 1/0 ports are initialized to 
Input mode (DDRs are cleared) during reset. 


Upon power-up, a minimum of 150 milliseconds is needed 


before allowing the reset input to go "High". This time allows 
the internal oscillator (OSCI) to stabilize. Connecting a capa- 
citor to the RES input as shown in Figure 8 will provide suf- 
ficient delay. 
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r---- 
.. 
I 
I 
I 
I 
I 
I 
, 
: 
L 
J 


Software 
Control 


PRESCALER 
BIT 
000 


001 


010 
011 


100 


101 


110 
111 


Prescaler 


2' 
2' 
2' 
2' 
2' 
2' 
2' 
2' 


I 
0 


Interrupt 
~ 


Requestat "1" 
TIMER interrupt ----~ 
Maskat "1" 


1 
1 
1 
1 
L 


I 


L-_ 
Indicates Frequency 
Bit Count 


~-----------TIMER 
(Internal clock 
(q,1 or t/)31k)) 
at "1" 


COUNTER (External clock) at "0" 


.------------- 
(/)1 (frequency is 1/4 of aSC1) at "1" 


(/)32k 
(frequency is 1/12 of aSe1 or 32.768 kHz) at "0" 


Figure 6 
Timer Conlrol RegislerConfiguration 


'1 


V1H 


~VIL 
1 


V1H 


RES T.rmlna~ 
1_ 
- 


Built-in Rese, 
~l 
1 
.1------ 
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• 
SELF 
CHECK 


The self check capability of the MCV provides an internal 


check to determine if the port is functional. Connect the MCV 
as shown in Figure 9 and monitor 
the output of port C bit 3 


for an oscillation 
of approximately 
a.5Hz. 
This self check 


+3V 
Vcc 


HD63L05Fl 
B, 
B. 
Bs 
B. 
B, 
B, 
B, 
B. 
e,e,e, 
e. 
vss 


I 
5, 


capability also provides the internal state of the MCV to meas- 
ure the LSI current. After a system reset, the MCV goes into 
each current 
measurement 
mode by the combination 
of the 


control switches. The LSI current 
can be measured when the 


NUM is returned to Vcc after setting of the current mode. 


Selection of Switch 


5. 
5, 
5, 
5, 
5. 
5, 
5. 
5, 


LSI Function 
X 
X 
X 
X 
X 
X 
G) 
0 


During 
0 
X 
X 
X 
O-+X 
X 
(l)-+@ 
X 
operation 


L51 
Halt 
0 
0 
0 
X 
O-+X 
X 
'1)-+@ 
X 
Current 
AID 
0 
0 
X 
X 
O-+X 
X 
I"!)-+@ 
X 


Standby 
0 
0 
0 
X 
O-+X 
X-+O 
rD-+c!; 
X 


• 
INTERNAL 
OSCILLATOR 
OPTIONS 


The MCV incorporates 
two oscillators: Oscillator I for sys- 


tem clock supply and Oscillator 2 for peripheral modules such 
as time base, AID converter, LCD drivers, etc .. 


• 
Oscillator 1 (OSC1; XTAL, 
EXTALl 
The internal oscillator circuit can be driven by an external 


crystal or resistor depending on the stability. A manufacturing 
mask option 
is available to provide better 
matching between 


the external components 
and the internal oscillator. The oscil- 


lator I can stop when power is applied in Standby mode. Figure 
Ia shows the connection. 
A resistor selection graph is given in 


Figure II. 
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• 
Oscillator 2 (OSC2; XIN, XOUT) 
Clocks for time base, LCD drivers, an AID converter and a 


timer are supplied by the OSC2 (32.768kHz 
crystal). In Halt 


mode, 
OSC2 and 
frequency 
divider operate 
and permit 
the 


operation 
of the peripheral modules with low power consump- 


tion. In Standby mode, the frequency 
divider is in reset state 


but only OSC2 keeps on running to control 
the delay time 


required when the MCV is released from Standby mode. Figure 
12 shows the connection 
and the relation between oscillator 1 


and oscillator 2 is shown Figure 13 and Table 1. 


When OSC2 is not available in an user system, clocks for 


time base, LCD drivers, a AID converter and a timer are sup- 
plied by the 
OSC1 through 
frequency 
divider. When OSC2 


is not available or crystal option 
is selected for OSC1, OSC1 
can not be stopped in Halt mode. 


Only when CR option is selected for OSC1 and OSC2 is avail- 
able in an user system, OSC1 can be stopped in Halt mode. 
(Note) 
The accuracy of the time base (1 see, 1/16 
sec) is kept only 


when OSC2 is 32.768kHz crystal oscillator. 


500 


400 


NIx 
300 
?;c~, 
200 
~ 
u: 


100 


0 


\ 
I 
\ 


Vcc 
= 3.0V 
Ta-25"C 


"" '" 
"- --r--l-- - 


100 
200 
300 
400 
500 
600 
700 
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(kn) 
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HALT 


STANDBY 


lOpF 
vcc6 


When OSC1 is Crystal 
When OSCI is RC 
Mask Option 
OSC2 
OSC2 


" 
OSC2 
OSC2 
Not Available 
Available 
Not Available 
Available 


~ 
OSCI 
CPU 
Peripheral 
OSC1 
CPU 
Peripheral 
OSC1 
CPU 
Peripheral 
OSC1 
CPU 
Peripheral 
State 
During System 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Operation 


At Halt 
0 
X 
0 
0 
X 
0 
0 
X 
0 
oo.x 
X 
0 
l",..kopllol'l! 


At Standby 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Condition 
Delay Time of Restart (second) 
Type of OSC1 
Use of OSC2 
0 
1/16 
1/2 
1 


Used 
X 
X 
0 
0 
Used 
Standby mode 
Not used 
0 
0 
0 
0 
Crystal Option 
Used 
X 
X 
0 
0 
Not used 
Standby mode 
Not used 
0 
0 
0 
0 


Oscillation 
Stop 
0 
X 
X 
X 


Used 
of OSC1 
Continue 
0 
0 
0 
0 
at HALT 
CR Option 


Stop 
X 
X 
X 
X 
Oscillation 
Not used 
ofOSC1 
Continue 
0 
0 
0 
0 
at HALT 


• 
STANDBY 
When the STANDBY (SB) terminal becomes "High" level, 


the MCV goes into standby mode at its instruction fetch cycle. 
On standby 
mode, only 32 kHz oscillator 
(OSC2) keeps on 


running while the others are stopped with holding the current 
data except 
AID 
converter, 
timer, and time base. Restarting 


of the MCV from standby mode is controlled by the Delay Time 
which is available by counting 
the OSC2 oscillation or 1/12 


frequency 
of the OSCI in frequency divider after the STAND- 


BY terminal turned to "Low" leveL Therefore, the CPU restarts 
operation 
from the previous state after the Delay Time (0 sec, 


1/16 sec, 1/2 sec, or I sec), and the accuracy of the Delay Time 
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is kept when aSC2 is 32.768 kHz crystal oscillator. When 1/!2 
frequency 
of ascI 
is provided to the frequency 
divider, the 
Delay Time depends on the stability of asc I after restarting 
from standby mode and is not acculate. 


• 
Delay Time 
Since ascI 
stops in standby mode, it is needed to inhibit 


restarting of CPV until! the asc I oscillation is stabilized after 
the STANDBY terminal has turned to "Low" 
level. To take 


this stabilizing time of asc I, user can select the Delay Time 
out of 0 sec, I/!6 
sec, 1{2 sec or I sec by mask-option depend- 


ing on a combination in the Table 2. STANDBY terminal has to 
be kept at "Low" when resetting the MCV and has to be kept 
at "Low" during the Delay Time. Starting of the MCV by reset 
is also controlled by the Delay Time . 


• 
INTERRUPTS 
There 
are six different 
interrupts 
to the 
MCV: 
external 


interrupt 
via external interrupt 
terminal (INT), internal timer 


interrupt, 
interrupt 
by termination 
of A{D conversion, 
time 


base interrupt, and software interrupt by an instruction (SWI). 


When any interrupt 
occurs, processing is suspended, the pre- 


sent MCV state is pushed onto the stack, the interrupt bit (I) in 
the condition 
code register is set, the address of the interrupt 


routine 
is obtained 
from 
the 
appropriate 
interrupt 
vector 


address, and the interrupt 
routine is executed. The interrupt 
( 


service routines 
normally 
end with 
a return 
from interrupt 


instruction 
(RT!) which allows the MCV to resume processing 


of the program prior to the interrupt. 
Table 3 provides a listing 


of the interrupts, 
their priority, 
and the vector address that 


contains 
the 
starting 
address 
of 
the 
appropriate 
interrupt 


routine. 


Figure 14 shows the system operation 
flow, in which the 
( 


portion 
surrounded 
with dot-dash lined contains interruption 


execution sequence. 


(Note) 
A clear interrupt bit instruction (CLI) allows to suspend the 


processing of the program by an interruption 
after execution 


of the next 
instruction 
while a set interrupt 
bit instruction 


(SEI) 
inhibits 
any interrupts 
before 
execution 
of the 
next 


instruction. 
When a mask bit of a control register is cleared by 


an instruction, 
interruption 
is allowed before execution of the 


next instruction. 


Interruption 
Priority 
Vector Address 


RES 
1 
$FFE. $FFF 


SWI 
2 
$FFC. $~FD 
INT 
3 
$FFA, $FFB 


TIMER 
4 
$FFB. $FF9 


AID 
5 
$FF6, $FF7 


TIME 
BASE 
6 
$FF4, $FF5 


HARDWARE 
RESET 


"1"-+1 
S7F 
-+ SP 


"0" 
-+ 
OORI 
ClR 
iNT 
Logic 
$FF -+ Timer 0'1' 
R.g. 
$7F -+ TImer PrMcal,r 


$7F 
-+ 
Timer 
Control 
Reg. 


$48 - 
AID Control R.,. 


$63 
-+ Syn.m 
Control Reg. 


''0'' 
-+ 
LCD1, 
LCD2. 
LC03 
Reg. 


Standby 
Oper.tion 
Sequence 


• 
Acknowledging an INT in Halt mode 
In HALT mode, the CPV is not operating but the peripherals 
are operating. When an interruption 
is acknowledged, the CPV 
is activated 
and executes 
interruption 
service matching 
the 


interruption condition by means of vectoring. 


• 
Acknowledging an INT in Standby mode 
In Standby mode, the system is not operating with power 
supplied to it. therefore. 
any interruption 
request (including 
RES) is not acknowledged. 
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• 
INPUT/OUTPUT 
There 
are 20 input/output 
terminals, 
which are program 


controlled 
by data direction registers for use as either input or 


output. 
If an I/O port has been programmed as an output and 


is read. then the latched logical level data is read even though 


the output level changes due to the output load . 


If a port is to be used as an input terminal. lhe user must 


specify whether or not it will be equipped with a pull-up PMOS. 
Figure 15 shows the port I/O circuit. 


Bits of 
Data 
Bit of Out- 
Output 
Input to 


Direction 
put Data 
State 
CPU 


Register 


Figure 15 
Port I/O Circuit 
1 
0 
0 
0 


1 
1 
1 
1 


0 
3·$tate 
Pin 


• 
Configuration 
of Port 
Figure 
16 shows the 
configuration 
of I/O ports. 
As the 


output 
is on/off controlled by a data direction register. an I/O 


port may directly be applied as an input terminal. No problem 


is involved with the input 
if both "High" 
and "Low" 
levels 


are applied'. For only one level. the user must specify the use 
of a pull-up PMOS for "Open/Low" 
input application. 


Jli 


-{>- 
Ie 


tvss 
Ie 


~vss 


r- 
v SS ---i---1 


IL.._ 
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• 
AID 
CONVERTER 


The MCU incorporates an 8 bits AID converter based on the 


resistor ladder system. Figure 17 shows its block diagram. 


The "High" 
side of reference 
voltage is applied to VRH, 


while the "Low" 
side of reference voltage is applied to Y RL' 
The reference voltage is divided by resistors into voltages match· 
ing each bit, which is compared with analog input voltage for 
AID conversion. As the analog input voltage is applied to the 
MOS gate of the comparator 
through the analog multiplexer, 
this voltage comparison system achieves high input impedance. 
The AID Data Register stores the results of an AID conver· 


sion or can be set 8 bit data for programmed 
comparator. 


These 
functions 
are 
controlled 
by software·controlled 
AID 


CTRL Register. The result of AID conversion is not assured 
if the conversion is interrupted 
by STANDBY. Figure 18 shows 


the configuration of the AID control register. 


• 
AID Interrupt 
Request Flag (AID 
INT) 


The AID INT bit is set to logical "I" 
after completion of 


AID conversion and is cleared by program or by system reset. 


• 
AID Interrupt 
Mask (AID MASK) 


If this bit is set, interrupt 
from the AID converter 
is not 


acknowledged. This bit can be written by program. 


• 
AID Conversion 
Flag (CNV) 
To start auto 
AID conversion, 
set this bit to logical "I ". 


During conversion, 
data of this bit stays at "I ". The bit is 


automatically 
reset to "0" when the auto AID conversion ends. 


In auto AID conversion, 
supply voltage is applied to the com· 


parator 
only when CNY = "I ". The digital data which is ob· 


tained by the AID conversion is held in the AID Data Register. 
This data is reset when the CNY is set to "I" 
again. 


• 
AID Operation 
Mode Select Bit (Auto/Program) 


Used to select either 
auto· run 8 bits AID conversion 
or 


8 bit 
programmed 
comparator 
operation 
(Auto 
8 bits AID 
conversion at "0"). 


..J1 
Reference 
Input 


CH, 


ICH,ll 
(CH,I 
ICH.I 
MASK 
OPTION 


lets) 
( ) indicates that these channels are 


ICH.1 
shared 
the terminal 
with 
segment. 


MPX 
Channel 


000 
CH, 


001 
(CH,I 


010 
(CH,1 


011 
(CH.1 


100 
ICH,J 


101 
(CH.I 


110 
(CH,1 


111 
ICH.I 


o 


AID CTRL 
Register 


)--Reset 


Figure 18 
AID Control 
Register Configuration 
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• 
Comparator Output (COMP OUT) 
The result of comparator 
operation 
under program control 


can be read from this bit (Logical "I" means that input voltage 
is higher than programmed reference voltage). 


• 
Analog Input Channel Select Bits (MPX) 
Used to select 8-channel analog inputs. The multiplexer 
is 


an analog switch based on CMOS. Note that the analog inputs 
from CH2 to CH. are mask option while CHI is exclusive. 


When 1/3 bias - 
1/3 duty or static LCD is used, CH7 and 
CH. are not available because these two terminals are used for 
LCD power supply as V, and V2. 


• 
LCD CIRCUIT 
The system configuration 
of the LCD circuits is shown in 
Figure 19. Segment data for display are stored in data registers 
LCDI to LC08. Since the circuits are connected to the output 
terminals via pin location block, the user may specify a combi- 
nation of data to be multiplexed to the segment output termi- 
nals. 
The bit data of the LCD register is combined with the timing 


clock (q" 
, q,2 or ~,) and three combined bit data are gathered to 


make a segment output data for 1/3 bias - 
1/3 duty driving in 
the pin location block. In case of static LCD drive or output 
port, timing is always fIXed at q" (always "High") and one bit 


o 
Ilimy I 


data of the LCD register is transferred for an output terminal. 


Note that the output 
terminals from SEG13 to SEG'7 are 


mask option while the others (SEG, to SEG'2) are always avail- 
able when the Duty bits are "0 I" or "II". 


When the form of output port is selected by Duty bit ("00"), 


q,WRITE can be got every time data is written 
into LCDI 


register in the case that EXT bit is "I". 
As LCDI register has 


8 bits latches, it is easy to transfer the internal 8 bits data to 
external devices via output 
por\s, with automatically 
generated 


write clock q,WRITE. The cycle clock pulse can be also available 
as an internal data source for the output 
terminal when output 


port is selected as 1/4 ascI. 


Assignment of segment terminals 
to the bits of the LCD 


data register, including the case where they are used as output 
terminals, is to be specified by the user when he orders masks. 
In case of static LCD or output 
ports, only LCDI, LC02, and 


LCD3 are allowed to be used. These registers are initialized at 
"0" by system resetting. 


• 
LIOUID CRYSTAL DRIVER WAVEFORMS 
The LCD circuit is based on 1/3 bias ~ 1/3 duty driving. 


Figure 20 shows the common electrode output signal waveforms 
(COM" 
COM2, COM,), segment signal waveforms (SEG, 
to 


SEG17) and 
LCD bias waveforms (between 
COM and SEG- 


MENT). 


SEGI 
SEGl 


SEGl 
SEG. 


SEGs 
SEG. 


SEG. 
SEG. 
SEG, 


SEG\o 
SEGII 
SEGIJ 
seGu 


SEGu 
SEG., 


SEG •• 


SEG •• 


System 
Contents 
of 
Cont. 
SEG1 -SEGI7 
Duty 


00 
OUTPUT 
PORT 


01 
STATIC 
LCD 


10 
--- 


11 
1/3 Bias 
1/3 Duty 
LCD 


Note) 
Both of mask~ption 
and software 


control 
are needed to specify the 


contents of SEG 1- 
SEG17• 
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Vcc 


213VcC;' 
- 
113VCC' 


GNO·-- 


STATIC 
LCD 
~Z 
...---. 
VCC 
J U U LVSS 


• 
BIT 
MANIPULATION 


The MCU has the ability to set or clear any single random 


access memory or input/output 
bit (except the data direction 


registers) with a single instruction 
(BSET, BCLR). Any bit in 


the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, 
and the program branches as a result 


of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. 


(Note) 
It is needed to pay attention 
to the system control register, 


the 
timer 
control 
register, 
and 
A/D control 
register when 


BSET, BCLR, or Read/Modify/Write 
instructions 
are applied 


to them. If own interrupt 
request occured onto the interrupt 


request bit (bit 7) of the control register between read cycle and 
write cycle of these instructions, 
the bit 7 might be cleared in 


the write cycle and not acknowledged by CPU. 


• 
ADDRESSING 
MODE 


There are 10 addressing modes available to the MCU for 


programming. Familiarize yourself with these modes by reading 
the information and referring to the diagrams that follow. 


• 
Immediate 
See Figure 
21. In immediate 
addressing mode, constants 


that will not change during execution of a program are accessed. 


The instruction 
used for that purpose has a length of 2 bytes. 
The effective address (EA) is PC. The operand is fetched from 
the byte that follows the OP code. 


• 
Direct 
See Figure 22. In direct addressing mode, the address of the 


operand 
is contained 
in the second byte of the instruction. 


The user can gain direct access to the LSB 256 of memory. All 
RAM bytes, I/O registers. and 128 bytes of ROM are located 
on page 0 in order to utilize this useful addressing mode. 


• 
Extended 
See Figure 23. The extended 
addressing mode is used for 
referencing 
to all addresses of memory. 
The EA consists of 
the contents 
of the two bytes that follow the OP code. The 


instruction 
used for extended 
addressing has a length of 3 


bytes. 


• 
Relative 
See Figure 24. Only Branch instructions 
are used in relative 


addressing mode. When a branching takes place, the contents 
of the byte next 
to the OP code are added to the program 
counter. EA ; (PC) + 2 + ReI., where ReI. indicates signed 8 bits 
data at the address following the OP code. When no branching 
takes place, ReI. ; O. When a branching occurs. the program 
jumps to any byte of + 129 to -127 of the current instruction. 
The length of the Branch instruction is 2 bytes. 
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• 
Indexed 
(without 
Offsetl 


See Figure 25. In this addressing mode, the lower 256 bytes 


of memory 
are accessed. The length of the instruction 
used 


for this mode is one byte. The EA consists of the contents of 
the index register. 


• 
Indexed 
(8 Bits Offset) 
See Figure 26. The EA consists of the contents of the byte 


foJlowing the OP code, and the contents of the index register. 
In this mode, the lower addresses of memory up to 5 I 1 can be 
accessed. Two bytes are required for the instruction. 


• 
Indexed 
(16 Bits Offset) 
See Figure 27. The EA consists of the contents of the two 
bytes 
foJlowing the OP code. and the contents 
of the index 


register. In this mode. the whole of the memory can be access- 
ed. The instruction 
using this addressing mode has a length of 


3 bytes. 


• 
Bit Set/Clear 
See Figure 28. This addressing mode can be applied to any 


instruction 
that permits 'any bit on page 0 to be set or cleared. 
The byte 
foJlowing the OP code indicates an address within 


I 
I 
I8 


• 
Bit Test, 
Branch 
See Figure 29. This addressing mode can be applied to in- 


structions that test bits at the first 256 addresses ($00 to $FF) 
and are branched by relative qualification. The byte to be tested 
is addressed by the contents of the address next to the OP code. 
The individual bits of the byte to be tested are designated by 
the lower 3 bits of the OP code. The third byte indicates a 
relative value that is to be added to the program counter when 
a branch condition 
is satisfied. The instruction 
has a length 


of 3 bytes. The value of the bit that has been tested is written 
at the carry bit of the condition code register. 


• 
Implied 
See Figure 30. There is no EA for this mode. AJIinformation 


needed 
for execution 
of instructions 
is contained 
in the OP 


code. Operations that are carried out directly on the accumula- 
tor and index register are included in the implied addressing 
mode. In addition, 
the SWI and RTi instructions 
are also in- 


cluded in the group of this operation. 
The instruction 
using 


this addressing has a length of one byte. 


/ 
, 
..•. 
..•. 


F8 
I 


,ndF 


9 
I 


Stack Point 
I 
I 
I 
I 
I 
I 
I 


A6 
Prog Count 


F8 
I 
05 CO 
I 
CC 
I 
I 


PROG 
LOA 
# $F8 058E 


058F 


I 
I§ 


I 
I: 
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PROG LOA CAT 
0520 


052E 


I 
I 


~ 
I 
I 
I 
I, 


i 
I 
I 
@@ 


i 
, 


LOA 
CAT 
0409~6 


040A 
06 
l 


0408 
E5 
J 


• 
I 
I 
, 


1--- 
Stack Point 


_______ 
1============= 


052F 


CC1==== 


,'---- 
Stack Point 
~~~~~~~~~~~~~~I-_-_-_-:_---------:_-- 
-_ 


040C 


CC1==== 
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A 


TABL 
FCC/LII 
00B8 
4C 
4C 


49 
Index Reg 


BB 


I 
I 
Stack Point 


PROG 
LOA 
X00"8 
I 


Prog Count 


OSFS 


CC 


I 
I 
I 


~ 


i 


I 
: 


~ 
I 
I 


PROG BEQ PROG2 04A7 
27 


04A8 
18 


~ 
I 
! 


AI~_- 


Index Reg 


1__ 
- 


Stack Point 
====1_- 
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FCB # B6 
OOBA 


FCB # DB 008B 


FCB # CF 
OOSC 


PRDG 
LOA 
TABL.X 
075B 


075C 


I 
I§ 


I 
I 
I§ 


I 
I 


PROG 
LOA 
TA8L.X 
0692 ~6 


0693 
07 


0694 
7E 


I 
I 


TABL 
FCB # BF 
077E 
BF 


FCB # 86 
077F 
86 


FCB # DB 0780 
DB 


FCB # CF 
0781 
CF 


Stack Point 


1 


0750 


CCI,--_~ 


0695 


CC1==== 
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PROG BClR 
6. PORT B 05BF 


0590 


, 
I 


~ 
I 
I 
I 
I 


PROG BRClR 
2. PORT C. PROG 2 0574 


0575 


0576 


I 
I 


~ 
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i 
I 
I 


I 
I 


~ 
I 
I 
I 
I 


.eo" '" ""8 


I 
I 


I 
I 


~ 


0588 


CCl==== 


• 
INSTRUCTION 
SET 


Thcrc 
arc 
5'1 instructions 
available 
to 
thc 
MCV. 
They 
can 


bc 
dividcd 
into 
fivc 
groups: 
Register/Memory, 
Read/Modify/ 
Writc, 
Branch, 
Bit Proccssing, 
and Control. 
All of these 
instruc- 


tions 
arc 
cxplaincd 
bclow 
according 
to 
the 
groups, 
and 
are 


summarized 
in individual 
tables. 


• 
Register/Memory 
Most 
of 
thesc 
instructions 
use 
two 
operands. 
One 
operand 


is eithcr 
the 
accumulator 
or 
index 
register, 
while 
the 
other 
is 


acquircd 
from 
mcmory 
using 
one 
of 
the 
addressing 
modes. 


No 
opcrand 
of 
register 
is available 
in the 
unconditional 
Jump 


(JMP) 
and Subroutinc 
Jump 
(JSR) 
instructions. 
See Table 
4. 


• 
Read/ModifylWrite 
These 
instructions 
read a mcmory 
address 
or register, 
modify 


or test its contents. 
and writes 
a new value into the memory 
or 


rcgister. 
Negative 
or 
Zcro 
instructions 
(TST) 
do 
not 
prOVide 


writing, 
and 
arc 
cxceptions 
for 
the 
Read/Modify/Write. 
See 


Tablc 
5. 


• 
Branch 
A Branch 
instruction 
will branch 
from 
the program 
sequence 


in 
progress 
if the 
specific 
branch 
condition 
is satisfied. 
See 


Table 
6. 


• 
Bit Processing 
This 
instruction 
can 
be 
used 
for 
any 
bit 
of 
the 
first 
256 


bytes 
of 
memory. 
One 
group 
is used 
for 
selling 
or clearing, 


while 
the other 
is used 
for bit testing 
and branching. 
See Table 
7. 


• 
Control 
The 
Control 
instruction 
controls 
the operation 
of the MCV 


for which 
a program 
is being executed. 
See Table 
8. 


• 
A List of Instructions 
Arranged 
in Alphabetical 
Order 


All 
instructions 
are 
listed 
in Table 
9 in 
the 
alphabetical 


order. 


• 
OP Code Map 
Table 
10 shows 
an 
OP code 
map 
of 
the 
instructions 
used 
with 
the MCV. 
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Addressing 
Mode 


Immediate 
Direct 
Extended 
Indexed 
Indexed 
Indexed 


(No Offset) 
(S-Sit 
Offset) 
C16·BitOffset) 


Operation 
Mnemonic 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


load 
A from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 
1 
2 
E6 
2 
4 
06 
3 
5 


load 
X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE 
1 
2 
EE 
2 
4 
DE 
3 
5 


Store 
A in Memory 
STA 
- 
- 
- 
B7 
2 
4 
C7 
3 
5 
F7 
1 
3 
E7 
2 
5 
07 
3 
6 


Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
4 
CF 
3 
5 
FF 
1 
3 
EF 
2 
5 
OF 
3 
6 


Add 
Memory 
to A 
ADO 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
2 
EB 
2 
4 
DB 
3 
5 


Add 
Memory 
and 
AOC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 
1 
2 
E9 
2 
4 
09 
3 
5 
Carry 
to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO 
1 
2 
EO 
2 
4 
DO 
3 
5 


Subtract 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
2 
E2 
2 
4 
D2 
3 
5 
A with 
Borrow 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
2 
E4 
2 
4 
D4 
3 
5 


OR 
Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
3 
CA 
3 
4 
FA 
1 
2 
EA 
2 
4 
DA 
3 
5 


Exclusive 
OR 
Memory 
EOR 
A8 
2 
2 
BB 
2 
3 
C8 
3 
4 
F8 
1 
2 
E8 
2 
4 
D8 
3 
5 
with 
A 


Arithmetic 
Compare 
A 
CMP 
Al 
2 
2 
B1 
2 
3 
CI 
3 
4 
FI 
1 
2 
EI 
2 
4 
D1 
3 
5 
with 
Memory 


Arithmetic 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 
1 
2 
E3 
2 
4 
D3 
3 
5 
with 
Memory 


Bit Test Memory 
with 
BIT 
AS 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
2 
E5 
2 
4 
D5 
3 
5 
A (logical 
Compare) 


Jump 
Unconditional 
JMP 
- 
- 
- 
BC 
2 
2 
CC 
3 
3 
FC 
1 
1 
EC 
2 
3 
DC 
3 
4 


Jump 
to Subroutine 
JSR 
- 
- 
- 
BD 
2 
4 
CD 
3 
5 
Fa 
1 
3 
ED 
2 
4 
DD 
3 
5 


Addressing 
Mode 


Implied 
(A) 
Implied 
(XI 
DIrect 
Indexed 
Indexed 


(No Offset) 
(S-Sit 
Offset) 


Operation 
Mnemonic 
Op 
# 
# 
Op 
# 
it 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
I 
I 
5C 
I 
I 
3C 
2 
4 
7C 
I 
3 
6C 
2 
5 


Decrement 
DEC 
4A 
1 
1 
SA 
I 
I 
3A 
2 
4 
7A 
I 
3 
6A 
2 
5 


Clear 
CLR 
4F 
I 
1 
SF 
I 
1 
3F 
2 
4 
7F 
I 
3 
6F 
2 
5 
----- 


Complement 
COM 
43 
1 
1 
53 
1 
1 
33 
2 
4 
73 
I 
3 
63 
2 
5 


Negate 
NEG 
40 
I 
I 
50 
1 
1 
30 
2 
4 
70 
1 
3 
60 
2 
5 
(2's Complement) 


Rotate 
Left 
Thru 
Carry 
ROL 
49 
I 
I 
59 
1 
I 
39 
2 
4 
79 
1 
3 
69 
2 
5 


Rotate 
Right 
Thru 
Carry 
ROR 
46 
I 
I 
56 
1 
1 
36 
2 
4 
76 
I 
3 
66 
2 
5 


Logical 
Shift 
left 
LSL 
4B 
1 
I 
58 
I 
1 
3B 
2 
4 
7B 
1 
3 
68 
2 
5 


Logical 
Shift 
Right 
LSR 
44 
I 
I 
54 
I 
I 
34 
2 
4 
74 
1 
3 
64 
2 
5 


Arithmetic 
Shift 
Right 
ASR 
47 
I 
I 
57 
1 
I 
37 
2 
4 
77 
I 
3 
67 
2 
5 
-_._- 


Arithmetic 
Shift 
left 
ASL 
48 
I 
I 
58 
I 
I 
38 
2 
4 
78 
I 
3 
68 
2 
5 


Tes! for Negative 
or 
TST 
4D 
I 
1 
5D 
I 
I 
3D 
2 
4 
7D 
I 
3 
6D 
2 
5 
Zero 
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Relative Addressing 
Mode 


Operation 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
3 


Branch Never 
BRN 
21 
2 
2or3" 


Branch IF Higher 
BHI 
22 
2 
2or3" 


Branch IF Lower or Same 
BLS 
23 
2 
2or3" 


Branch IF Carry Clear 
BCC 
24 
2 
2 or 3" 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
2 or 3" 


Branch IF Carry Set 
BCS 
25 
2 
2 or 3" 


(Branch 
I FLower) 
(BLO) 
25 
2 
2or3" 


Branch I F Not Equal 
BNE 
26 
2 
2 or 3" 


Branch IF Equal 
BEQ 
27 
2 
2 or 3" 


Branch I F Half Carry Clear 
BHCC 
28 
2 
2 or 3" 


Branch IF Half Carry Set 
BHCS 
29 
2 
2or3" 


Branch IF Plus 
BPL 
2A 
2 
2or3" 


Branch IF Minus 
BMI 
2B 
2 
2 or 3" 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
2 or 3" 


Branch IF Interrupt 
Mask Bit is Set 
BMS 
2D 
2 
2or3" 


Branch IF Interrupt 
Line is Low 
BIL 
2E 
2 
2or3" 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
2 or 3" 


Branch to Subroutine 
BSR 
AD 
2 
4 


Addressing 
Mode 


Bit Set/Clear 
Bit Test and Branch 


Operations 
Mnemonic 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is Set 
BRSET n (n = 0 ..... 7) 
- 
- 
- 
2, 
n 
3 
4 or 5 " 


Branch IF Bit n is Clear 
BRCLR 
n (n = 0 ..... 7) 
- 
- 
- 
01 + 2· 
n 
3 
4 or 5" 


Set Bit n 
BSET n In = 0 ..... 7) 
10 + 2· 
n 
2 
4 
- 
- 
- 


Clear Bit n 
BCLR n (n = 0 ..... 7) 
11 + 2, 
n 
2 
4 
- 
- 
- 
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Implied 


Operation 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer 
A to X 
TAX 
97 
1 
1 


Transfer 
X to A 
TXA 
9F 
1 
1 


Set Carry 
Bit 
SEC 
99 
1 
1 


Clear Carry 
Bit 
ClC 
98 
1 
1 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
1 


Clear 
Interrupt 
Mask Bit 
CLI 
9A 
1 
1 


Software 
Interrupt 
SWI 
83 
1 
9 


Return 
from 
Subroutine 
RTS 
81 
1 
4 


Return 
from 
Interrupt 
RTI 
80 
1 
7 


Reset Stack 
Pointer 
RSP 
9C 
1 
1 


No-Operation 
NOP 
9D 
1 
1 


Addressing 
Modes 
Condition 
Code 


Mnemonic 
lmme· 
Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
II • 
II 
II 
II 


ADD 
x 
x 
x 
x 
x 
x 
II • 
II 
II II 


AND 
x 
x 
x 
x 
x 
x 
• • 
II 
II • 
ASl 
x 
x 
x 
x 
• • 
II 
II II 


ASR 
x 
x 
x 
x 
• • 
II 
II 
II 


BCC 
x 
• • • • • 
BClR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEQ 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
Bil 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
II II • 
BlO 
x 
• • • • • 
BlS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPl 
x 
• • • • • 
BRA 
x 
• • • • • 


Symbols 
for 
condition 
code: 
H 
Half 
Carry 
(From 
Bit 
31 


I 
Interrupt 
Mask 


N 
Negative 
(Sign Bltl 
Z 
Zero 


C 
Carry/Borrow 


1\ 
Test and Set if True. Cleared Otherwise 
Not Affected 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(B Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


BRN 
x 
• • • • • 


BRCLR 
x 
• • • • 
/I 


BRSET 
x 
• • • • 
/I 


BSET 
x 
• • • • • 


BSR 
x 
• • • • • 


CLC 
x 
• • • • 
0 


CLI 
x 
• 
0 • • • 


CLR 
x 
x 
x 
x 
• • 
0 
1 • 


CMP 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


COM 
x 
x 
x 
x 
• • 
/I 
/I 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


DEC 
x 
x 
x 
x 
• • 
/I 
/I • 


EOR 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I • 


INC 
x 
x 
x 
x 
• • 
/I 
/I • 


JMP 
x 
x 
x 
x 
x 
• • • • • 


JSR 
x 
x 
x 
x 
x 
• • • • • 


LOA 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I • 


LOX 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I • 


LSL 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


LSR 
x 
x 
x 
x 
• • 
0 
/I 
/I 


NEG 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I • 


ROL 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


ROR 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


RSP 
x 
• • • • • 


RTI 
x 
7 
7 
? 
7 
7 


RTS 
x 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 


STA 
x 
x 
x 
x 
x 
• • 
/I 
/I • 
STX 
x 
x 
x 
x 
x 
• • 
/I 
/I • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
/I 
/I 
/I 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
/I 
/I • 


TXA 
x 
• • • • • 


Symbols for condition 
code: 
H 
Half 
Carry 
(From 
Bit 
3) 


I 
I nterrupt 
Mask 


N 
Negative 
(Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 


1\ 
Test and Set if True. Cleared Otherwise 


• 
Not 
Affected 
., 
Load 
CC 
Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/ModifyNJrite 
Control 
Register/Memory 


Test & 
Setl 
Ael 
DIA 
I 
A 
I 
X 
I 
,Xl 
I 
,XO 
IMP 
IMP 
IMM I 
DIA 
I EXT 
I 
,X2 
I 
,Xl 
I ,XO 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
8 
I 
C 
I 
D 
I 
E 
I 
F 
~H 


0 
8ASETO 
8SETO 
8AA 
NEG 
ATI" 
- 
SU8 
0 


1 
8ACLAO 
BCLAO 
BAN 
- 
ATS" 
- 
CMP 
1 


2 
BASETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BACLAl 
BCLAl 
BLS 
COM 
SWI" 
- 
CPX 
3 


4 
BASET2 
BSET2 
BCC 
LSA 
- 
- 
AND 
4 


5 
BACLA2 
BCLA2 
BCS 
- 
- 
- 
BIT 
5 


6 
BASET3 
BSETJ 
BNE 
AOA 
- 
- 
LDA 
6 


7 
BACLA3 
BCLA3 
BEQ 
ASA 
- 
TAX 
- 
I 
STA 1+11 
7 


B 
BASET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EOA 
B 


9 
BACLA4 
BCLA4 
BHCS 
AOL 
- 
SEC 
ADC 
9 


A 
BASET5 
BSET5 
BPL 
DEC 
- 
CLI 
OAA 
A 


B 
BACLA5 
BCLA5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BASET6 
BSET6 
BMC 
INC 
- 
ASP 
- 
I 
JMP(-ll 
C 


D 
BACLA6 
BCLA6 
BMS 
TST 
- 
NOP 
BSA"I 
JSA(+l1 
I 
JSA 
IJSA(+l 
D 


E 
BASET7 
BSET7 
BIL 
- 
- 
- 
LDX 
E 


F 
BACLA7 
BCLA7 
BIH 
CLA 
- 
TXA 
- 
I 
STX(+ll 
F 


3/4 
or 5 
2/4 
2/20r3 
2/4 
11/1 
I 
1/1 
I 2/5 
I 1/3 
1/" 
1/1 
2/2 
I 
2/3 
I 
3/4 
I 
3/5 
I 
2/4 
I 
1/2 


(NOTES) 
1. 
"-" 
is an undefined 
operation 
code. 
2. 
The figure in the lowest row of each column gi•.•.es the number of bytes and the cycles needed for the instruction. 
The number of cvcles for the asterisked I·' 
mnemonics is a follows: 


ATI 
7 
ATS 
4 


SWI 
9 
BSA 
4 


3. 
The parenthesized 
figure must be added to the cycle count of the associated instruction. 
4. 
If the instruction 
is branched. 
the cycle count is the larger figure. 
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Type 
Use 
Delay 
Time of 


of 
of 
Condition 
Restart 
(sec.) 


OSC1 
OSC2 
0 
1/16 
1/2 
1 


STANDBY 
Used 
... 
... 


Used 


XTAL 
mode 
Not Used 


Option 
STANDBY 
Used 
... 
... 


Not used 
mode 
Not Used 
Oscillation 
Stop 
... 
... 
... 


Used 
of OSC1 


CR 
at HALT 
Continue 


Option 
Oscillation 
Stop 
•.. 
... 
... 
... 
Not Used 
of OSC1 
at HALT 
Continue 


HD63L05F 
MASK OPTION LIST 


Port 


Mask Option 


A 
B 
C 
D 


Ao 


AI 


A. 


A3 


A. 


As 


A6 


A7 


Bo 


Bl 


B. 


B3 


B. 


Bs 


B6 


B7 


Co 


CI 


C. 


C3 


Mask Option 


L 
S 
P 


Segment 


Mask options 
indicated as ••• 
are not available. 


DATE 
OF 
ORDER 


CUSTOMER 


DEPT. 


ACCEPTED 
BY 


ROM 
CODE 
10. 


LSI 
TYPE 
NO. 
HD63L05F 


• Crystal option of aSe1 


is not allowed to stop 
at HALT. 


• If OSC2 is not used, 
the Delay 
Time 
is not 


aeculate. 


Pin 
Mask option 


G 
H 
K 


SEGI3/CH6 
... 


SEGI./CHs 
.... 


SEGls/CH. 
... 


SEGI6/CH3 
... 


SEGI7/CH. 
... 


OI8/CH8!V2 


O19/CH7!VI 


A 
CMOS output without 
input pull*up PMOS 
B 
CMOS output 
with input pull-up PMOS 


C 
CMOS output for key scanning 
o 
NMOS open-drain 
output 
E 
Input without 
pull-up PMOS 
F 
Input with pull-up PMOS 
G 
AID 
Input 
H 
Segment 
output 
K 
Terminals 
for LCD display 


1/3 
bias·1/3 duty 
LCD 


Static 
LCD 
Output port 
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~~11~ 
e 
Timing 
Segment Output Terminal 
Output 
t 
COM. 
COMt 
COM. 
SEG. 
SEGJ 
SEG. 
SEG. 
SEGs 
SEG. 
SEG, 
seG. 
seG, 
SEG •• seG. ,SEGu 
SEGu 
SEG •• seGn 
seG. 
SEG1, 
0" 
0" 
LCOl 
0 


1 


2 


3 
• 
5 


6 


7 


LC02 
0 


1 
-- 


2 


3 
• 
5 


6 


7 


LC03 
0 


1 


2 


3 
• 
5 


6 


LCD. 
0 


1 


2 


3 
• 
5 


6 


LCOS 0 


1 


2 


3 
• 
5 


6 


LC06 
0 
I 


2 


3 
• 
5 


6 


LC07 a 


1 


2 


3 
• 
5 


6 


LCOS 0 


1 


2 


3 
tj>WRITE 
0 


1/40SCl 
0 


• Specify the multiplex 
timing and segment terminal for each bit of LCD1 to LCOS. 
• When static or output port ;s selected, the Multiplex 
timing is fixed at COM1• 
• If there are unspecified bits, Hitachi specifies them asdummy. 
• q;,WA ITE is generated when data is written 
into the LC01. 
·1/40SC1 
is a quarter of the OSC1 clock speed. When the MCU is in standby mode, it becomes "Low", 
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HD63L05EO------- 
Evaluation Chip for HD63L05F 
1 


HD63L05E 
is a CMOS 
evaluation 
chip 
for the 
HD63L05F. 


Connecting 
an 
external 
EPROM 
(HN462732) 
to 
the 
chip, 
it 


can 
be 
operated 
as a single 
chip 
microcomputer 
HD63L05F. 


Interface 
signals 
are 
12 bit Address 
Bus (Eo - 
E7, 
Fo - 
F,), 
8 


bit Data 
Bus (Do - 07) and Chip Enable 
(CE). 
It is easy 
to 
debug 
the 
HD63L05F 
user 
program 
with 
this 


evaluation 
chip. 


• 
FEATURES 
• 
3V Power 
Supply 


• 
96 Bytes 
RAM 


• 
EPROM 
(HN462732) 
Interface 


• 
LCD Driver 
• 
B-bit Programmable 
Timer 
with 
7-bit Prescaler 


• 
B-bit A/D Converter 


• 
20 parallel 
I/O Port 
• 
Same 
Instruction 
Set as HD63L05F 


• 
NMOS Open-drain 
Output 


• 
100 Pin Flat Package 
(FP-l 00) 


• 
TERMINALS 
Ao - 
A7 
I/O Port 


Bo - 
B7 
I/O Port 


Co - 
C, 
I/O Port 


Do - 
D7 
Data Bus (Input) 


Eo - 
E7 
Lower 
B bit Address 
Bus (Output) 


Fo - 
F, 
Upper 
4 bit Address 
Bus (Output) 


U/M 
Test Terminal 


CE/WR 
Chip 
Enable, 
Read/Write 


[fR 
Instruction 
Fetch 
Signal 


ADCLK 
E Clock 


RAIT 
External 
clock 
control 
signal 


~ 
Connected 
to Vcc 


• 
PIN 
ARRANGEMENT 


dl:;l~ 
~~I~~l~dl~~l~~~~~~~~~ 
_g:~S:Cf~:'~~;:8t:~;j::;:~~:r;. 


;:;~~~::::;5l::;l!!:~~:;~~:: 
~;t~ 
~~st 


8>i558tJ~~~~~~aa~iii 
, 
, 
,wwwwwwwwwwooo 
~ 
,:!!:!~~;::(I)cn(l)(I)fI)Cf)(I)(I)(I)(I)UUU 


C) 
l,:,OC)C)C) 
~ 
~ ~ ~ m ~ 
NC: No Connection 
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U/M 


INT 


COMMON 
COM, 


DRIVER 
COM, 


OUTPUT 
COM, 


DATA 
SEG, 


LATCH 
SEG, 
LCDl 
8 


SEG, 


LCD2 
8 
SEG. 


SEG, 


LCD3 
SEG. 


SEG, 


LCD4 
SEG. 
SEG. 


LCD5 
SEGlo 


(SEG" 
) 


LCD6 
(SEG" 
) 


(SEG,,) 


LCD7 
ISEG •• ) 
ISEG •• ) 


LCD8 
4 
ISEG,,) 


ISEG" 
) 


.. 
CH, 
« 
0: 
(CH,) 
0 
w 
0 
.. 
(CH,) 
< 
0:w 
(CH.) 
> 


-' 
z 
(CH,) 
0 
0 
0: 
u 
ICH.) 
.. 
0 
o z 
:< 
ICH,) 
'0 
« u 


(CH.) 


8. 
B, 


co 
B, 
.. 
B, 


0: 
B. 
0 
"- 
B, 


B. 


B, 


HALTJ 


LIR--l 


~DCLK~ 
CEo WR 


MSET 


I 


ACCUMULATOR 
8 
A 


INDEX 
REGISTER 


8 
IX 


CONDITION 
CODE 
5 
REG. 
CCR 


STACK 
POINTER 
5 
SP 
PROGRAM 
COUNTER 
4 
HIGH 
PCH 
PROGRAM 
COUNTER 
8 
LOW 
PCL 


CPU 


CONTROL 
8 


SYS CTRL 
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HD68P01 V07 ,HD68P01 V07-1 
HD68P01 MO ,HD68P01 MO-1 
MCU (Microcomputer Unit) 


The 
HD68POI 
is an 
8·bit 
single 
chip 
microcomputer 
unit 


(MCV) 
which 
significantly 
enhances 
the 
capabUities 
of 
the 


HMCS6800 
family 
of parts. 
It can 
be used 
in production 
sys- 


tems 
to allow 
for easy firmware 
changes 
with 
minimum 
delay 
or 


it can be used to emulate 
the HD6801 
for software 
development. 
If includes 
128 bytes 
of RAM, Serial Communications 
Interface 


(SCI), 
parallel 
I/O and a three 
function 
Programmable 
Timer 
on 


chip, 
and 
2048 
bytes, 
4096 
bytes 
or 8192 
bytes 
of EPROM 
on 


package. 
It includes 
an upgrade 
HD6800 
microprocessing 
unit 


(MPV) 
while 
retaining 
upward 
source 
and 
object 
code 
com· 


patibility. 
Execution 
times 
of key 
instructions 
have 
been 
im· 


proved 
and several 
new 
instructions 
have been 
added 
including 


an unsigned 
8 by 8 multiply 
with 
16-bit 
result. 
The 
HD68POI 


can 
function 
as 
a monolithic 
microcomputer 
or 
can 
be 
ex- 


panded 
to a 65k 
byte 
address 
space. 
It is TTL 
compatible 
and 


requires 
one 
+5 volt 
power 
supply. 
A summary 
of 
HD68POI 


features 
includes: 


• 
FEATURES 
• 
Expanded 
HMCS6800 
Instruction 
Set 


• 
8 x 8 Multiply 
Instruction 


• 
Serial Communications 
Interface 
(SCII 


• 
Upward 
Source 
and Object 
Code Compatible 
with 
H D6800 


• 
16·bit Three·function 
Programmable 
Timer 


• 
Applicable 
to All Type 
of EPROM 


4096 
bytes; 
H N482732A 


8192 
bytes; 
HN482764 


• 
128 Bytes of RAM (64 bytes 
Retainable 
on Powerdown) 


• 
29 Parallel 
I/O and Two Handshake 
Control 
Line 


• 
Internal 
Clock 
Generator 
with 
Divide-by-Four 
Output 


• 
Full TTL Compatibility 


• 
Full Interrupt 
Capability 


• 
Single·Chip 
or Expandable 
to 65k Bytes Address 
Space 


• 
Bus compatible 
with 
HMCS6800 
Family 


Type 
No. 
8us Timing 
EPROM 
Type 
No. 


HD68P01V07 
1 MHz 
HN482732A·30 


HD68P01V07·1 
1.25MHz 
HN482732A·30 


HD68POIMO 
1 MHz 
HN482764·3 


HD68P01MO·l 
1.25MHz 
HN482764·3 


• 
PIN 
ARRANGEMENT 
(Top View) 


HD68P01V07. 
HD68P01V07·1 
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HD68P01V07,HD68P01V07-1 
,HD68P01 
MO,HD68P01 
M-1 


\ 


(HN482732A'1 
lHN482764 
) 


I 
00 


I 
0, 


I 
0, 


I 
0.1 
I 
0, 


I 
0, I 


I 
0, I 


I 
0, I 


I 
I 
L 
-.J 


Data 


Input 


PIO 


---+PII 


P" 
----+P1J 


P" 
Pl~ 
PI'; 


PI1 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc . 
-0.3 - 
+7.0 
V 


Input 
Voltage 
Vin . 
-0.3-+7.0 
V 


Operating 
Temperature 
Topr 
0 
-+70 
°c 


Storage Temperature 
T stg 
-55 
- 
+150 
°c 


• 
With respect 
to VSS (SYSTEM 
GNDI 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. 
Normal operation 
should be under recommended 
operating 
conditions. 
If these conditions 
are exceeded, 
it could affect reliability 
of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vee 
=5.0V±5%, 
Vss = OV, Ta = 0- 
+70°C;unless 
otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
Input 
"High" 
Voltage 
Other 
Inputs' 
V,H 
2.0 
Vcc 


V 
- 


Input 
"Low" 
Voltage 
All Inputs' 
V,L 
-0.3 
- 
0.8 
V 


P40 
- 
p.7 
- 
- 
0.5 


Input 
Load Current 
SC1 
Ilinl 


Vin = 0 - 
2.4V 
0.8 
mA 
.- 
- 
EXTAL 
Vin = 0- 
Vcc 
- 
- 
1.2 


Input 
Leakage Current 
NMI, 
IRQ;, 
RES 
Ilin I 
Vin = 0 - 
5.25V 
- 
- 
2.5 
J1A 


Three State (Offset) 
PIO - 
P,7, 
PJO.- P37 
- 
- 
10 


Leakage Current 
P20 
- 
P2• 


IITs,I 
Vin = 0.5 - 
2.4V 
- 
- 
100 
J1A 


PJO- 
P37 
I LOAD = -205 J1A 
2.4 
- 
- 
Output 
"High".Voltage 
P40 
- 
p.7, 
E, SC 
" 
SC2 
VOH 
ILOAD = -145J1A 
2.4 
- 
- 
V 


Other Outputs 
ILOAD=-100J1A 
2.4 
- 
- 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
ILOAD = 1.6 mA 
- 
- 
0.5 
V 


Darlington 
Drive Current 
PIO - 
P,7 
-loH 
Vout=1.5V 
1.0 
- 
10.0 
mA 


Power Dissipation 
Po 
- 
- 
1200 
mW 


PJO- 
P37, 
P40 
- 
P47, SC, 
Vin = OV, Ta = 25°C, 
- 
- 
12.5 
Input 
Capacitance 


Other 
Inputs 
Gin 
f = 1.0 MHz 
12.5 


pF 
- 
- 


Power down 
VSBB 
4.0 
- 
5.25 
Vcc 
Standby 
V 


Operating 
VSB 
4.75 
- 
5.25 


Standby 
Current 
Powerdown 
ISBB 
VSBB 
= 4.0V 
- 
- 
8.0 
mA 
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• 
AC CHARACTERISTICS 


BUS TIMING 
(VCC = 5.0V±5%, 
Vss = OV, Ta = 0 - 
+70°C, 
unless otherwise 
noted.) 


HD68P01V07/MO 
HD68P01V07-1/MO·l 
Unit 
Item 
Symbol 
Test Condition 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
teyc 
1 
- 
10 
0.8 
- 
10 
j.ls 


Address Strobe Pulse width 
"High'" 
PWASH 
200 
- 
- 
150 
- 
- 
ns 


Address Strobe 
Rise Time 
tASr 
5 
- 
50 
5 
- 
50 
ns 


Address Strobe 
Fall Time 
tASI 
5 
- 
50 
5 
- 
50 
ns 


Address Strobe 
Delay Time' 
tASD 
60 
- 
- 
30 
- 
- 
ns 


Enable Rise Time 
t Er 
5 
- 
50 
5 
- 
50 
ns 


Enable Fall Time 
tEl 
5 
- 
50 
5 
- 
50 
ns 


Enable Pulse Width 
"High" 
Time . 
PWEH 
450 
- 
- 
340 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Time' 
PWEL 
450 
- 
- 
350 
- 
- 
ns 


Address Strobe to Enable Delay Time . 


tASED 
60 
- 
- 
30 
- 
- 
ns 


Address Delay Time 
tAD 
Fig. 1 
- 
- 
260 
- 
- 
260 
ns 


Address Delay Time for Latch (f = 1.0MHz)· 
tADL 
Fig. 2 
- 
- 
270 
- 
- 
260 
ns 


Data Set-up Write Time 
tDSW 
225 
- 
- 
115 
- 
- 
ns 


Data Set·up Read Time 
toSR 
80 
- 
- 
70 
- 
- 
ns 
I 
Read 
tHR 
10 
- 
- 
10 
- 
- 
Data Hold Time 
I Write 
20 


ns 


tHW 
- 
- 
20 
- 
- 


Address Set-up Time for Latch' 
tASL 
60 
- 
- 
50 
- 
- 
ns 


Address Hold Time for Latch 
tAHL 
20 
- 
- 
20 
- 
- 
ns 


Address Hold Time 
tAH 
20 
- 
- 
20 
- 
- 
ns 


Peripheral 
Read 
I 
Non-Multiplexed 
Bus' 
(tACCN) 
- 
- 
(610) 
- 
- 
(420) 


Access Time 
I 
Multiplexed 
Bus' 
ns 


(tAr.r.M) 
- 
- 
(600) 
- 
- 
(420) 


Oscillator 
stabilization 
Time 
tRC 
Fig.11 
100 
- 
- 
100 
- 
- 
ms 


Processor Control 
Set-up Time 
tpcs 
Fig. 12 
200 
- 
- 
200 
- 
- 
ns 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Peripheral 
Data Setup Time 
I Port 1, 2, 3, 4 
tpDSU 
Fig.3 
200 
- 
- 
ns 


Peripheral 
Data Hold Time 
I Port 1, 2, 3, 4 
tpDH 
Fig.3 
200 
- 
- 
ns 


Delay Time, Enable Positive Transition 


Fig.5 
350 
to 053 
Negative Transition 
tOSD1 
- 
- 
ns 


Delay Time, 
Enable Positive Transition 
Fig.5 
350 
to OS3 Positive Transition 
tOSD2 
- 
- 
ns 


Delay Time, 
Enable Negative 
Transition 
to Peripheral 
Data 
Port 1, 2', 
3, 4 
tpwD 
Fig.4 
- 
- 
400 
ns 


Valid 


Delay Time. 
Enable Negative 
. 
Transition 
to Peripheral 
Port 2", 
4 
tCMOS 
Fig.4 
- 
- 
2.0 
j.lS 


CMOS Data Valid 


Input 
Strobe Pulse Width 
tPWIS 
Fig.6 
200 
- 
- 
ns 


Input 
Data Hold Time 
port 3 
t'H 
Fig.6 
50 
- 
- 
ns 


Input 
Data Set·up Time 
Port 3 
tiS 
Fig.6 
20 
- 
- 
ns 


720 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Timer 
Input 
Pulse Width 
tpWT 
2 tcye+2oo 
- 
- 
ns 


Delay Time, 
Enable Positive Transition 
to 
tTOO 
Fig.7 
- 
- 
600 
ns 
Timer 
Out 


SCI Input 
Clock Cycle 
tScvc 
1 
- 
- 
tcyc 


SCI Input 
Clock Pulse Width 
tpWSCK 
0.4 
- 
0.6 
tScvc 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Mode Programming 
Input 
"Low" 
Voltage 
VMPL 
- 
- 
1.7 
V 


Mode Programming 
Input "High" 
Voltage 
VMPH 
4.0 
- 
- 
V 


RES "Low" 
Pulse Width 
PWRSTL 
Fig.8 
3.0 
- 
- 
tcye 


Mode Programming 
Set·up Time 
tMPS 
2.0 
- 
- 
tcye 


Mode Programming 
I 
RES Rise Time ~ 1/lS 
0 
- 
- 


tMPH 
ns 
Hold Time 
I 
RES Rise Time < l/ls 
100 
- 
- 


MCUWfl1e 
Dn-O."Ao-A, 
IPott 
3) 


MCU R.ad 
00-0" 
A,-A, 


(Port 31 
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Aa-A~Port41 
RW 
(SC,1 


~ 
(SC11 


MCUWrtte 


Do-D~ 
(Port31 


MCU Read 


00""'0, 
(Port 3) 


r- MCUWrite 


PIO 
.... PI" 


P20"'" 
Pu 


p.•o 
..... P.•1 


Inputs 


PIG 
•..• P)1 


Inputs· 


t 
CMOS 


-} 
_tpwo- 
, 
----07VCC 


(NOTE) 
1. 10 kn Pull up resistor required for Port 2 to reach 0.7 Vcc 
2. 
Not applicable to Pu 


3. 
Port 4 cannot be pulled above Vcc 


~tOSD2 
T 


22V 
------- 


• Access matches 
Output 
Strobe Select 
lOSS 
== 0, a read; 
ass 
== 1, a write) 


Figure 5 
Port 3 Output Strobe Timing 
(Single Chip Mode) 
Figure 6 
Port 3 Latch Timing 
(Single Chip Mode) 
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rest Po,nt o-----r-130PF 


C '" 90 pF for PJO-P" 
' p.o -P.,. 
E. se, . SCJ 


'"30pF 
fot P,e-Pll'P,O-Pu 


A •. 12 kn 
fot 
PJO-Pn. 
p•• -p.,. 
ESe 
•. SC, 
•. 24kn 
forP,o-P,',P,o-P", 


• 
INTRODUCTION 
The HD68POI is an 8·bit monolithic microcomputer 
which 


can be configured 
to function 
in a wide variety of applica. 
tions. The facility which provides this extraordinary 
flexibility 


is its ability to be hardware programmed 
into eight different 


operating 
modes. The operating 
mode controls 
the cunfigura. 


tion of' 18 of the MCU's 40 pins, available on-chip resources, 
memory 
map, 
location 
(internal 
or 
external) 
of 
interrupt 


vectors, and type of external bus. The configuration 
of the reo 


maining 22 pins is not dependent on the operating mode. 
Twenty.nine 
pins are organized as three 8·bit ports and one 


S·bit port. 
Each port consists of at least a Data Register and a 


write-only Data Direction Register. The Data Direction Register 
is used to define whether corresponding bits in the Data Regis· 
ter are configured as an input (clear) or output (set). 


The term "port", 
by itself, refers to all of its associated hard· 


ware. When the port is used as a "data port" or "I/O port", it is 
controlled 
by its Data Direction 
Register and the programmer 


has direct access to its pins using the port's Data Register. Port 
pins are labled as Pij where i identifies one of four ports and j 
indicates the particular bit. 


The 
Microprocessor 
Unit (MPU) is an enhanced 
HD6800 


MPU with additional 
capabilities and greater throughput. 
It is 


upward source and object code cumpatible with the HD6800. 
The programming 
model is depicted 
in Figure 10 where Ac· 
cumulator 
0 is a concatenation 
of Accumulators 
A and B. A 


list of new operations added to the HMCS6800 instruction 
set 


are shown in Table 8. 
The basic difference between the HD680 I and the HD68POI 


is that the HD6801 has an on-chip ROM while the HD68POI has 
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an on the package EPROM. The HD68PO I is pin and code com- 
patible 
with 
the 
HD6801 
and 
can be used to emulate 
the 


HD680 I, allowing easy software 
development 
using the on- 


package EPROM. Software developed using the HD68PO I can 
then be masked into the HD6801 ROM. 


a-Bit 
Accumulators 


A and B 


Or 16·Bit 
Double 


Accumulator 0 


Condition Code 
Reg;ste,ICCRI 


Carry/Borrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 
Half Carry (From Bit 3) 


• 
INTERRUPTS 
The MCV supports two types of interrupt requests: maskable 


and non·maskable. 
A Non-Maskable Interrupt 
(NMI) is always 


recognized and acted upon at the completion 
of the current 


instruction. 
Maskable interrupts are controlled by the Condition 


Code Register's I-bit and by individual enable bits. The I-bit 
controls 
all maskable interrupts. 
Of the maskable interrupts, 
there are two types: IRQ, and IRQ, . The Programmable Timer 
and Serial Communications 
Interface use an internal IRQ, inter- 
rupt line, as shown in BLOCK DIAGRAM. External devices 
(and IS3) use IRQ,. 
An IRQ. interrupt is serviced before IRQ, 
if both are pending. 
All IRQ, 
interrupts 
use hardware 
prioritized 
vectors. The 


single SCI interrupt 
and three timer interrupts are serviced in a 


prioritized 
order where each is vectored to a separate location. 


All MCV interrupt vector locations are shown in Table I. 


The Interrupt 
flowchart is depicted in Figure 13 and is com- 


mon to every MCV interrupt 
excluding 
Reset. The Program 


Counter, 
Index Register, A Accumulator, 
B Accumulator, 
and 


Condition Code Register are pushed to the stack. The I-bit is 


"",0",·"",,_1 


\ 
-11--'pCS 


set to inhibit maskable interrupts 
and a vector is fetched cor· 


responding to the current highest priority interrupt. The vector 
is transferred 
to the Program Counter and instruction execution 


is resumed. Interrupt 
and RES timing is illustrated in Figure I I 


and 12. 


MSB 
LSB 
Interrupt 


FFFE 
FFFF 
RES 


FFFC 
F~FO 
NMI 


FFFA 
FFFB 
Software Interrupt (SWI) 


FFFB 
FFF9 
IRQ, (or 153) 


FFF6 
FFF7 
ICF (Input Capture) 


FFF4 
FFF5 
OCF (Output Compare) 


FFF2 
FFF3 
TOF (Timer Overflow) 


FFFO 
FFF1 
SCI (RORF + ORFE + TORE) 


I 
"0 
I ." 
I ." 
I 


~\\\\\\\\\\\\\\\L..JLn[1SlJLJ1Sl..fl, 
~ 


1-:~_:~ 
Il 
'"l----"~'LI_,'C5 
~ I-,~ 


RES 
1 l 
~ ~ 
4.QV 
"'" 1_o_.8_V 
_ 


A;'~·:'o;~.\\\\\\\\\\\\\\\\\\\\\~ 
M%%\\\\\\\\\\\\S\~ 
~tJc:x:X:: 


FFFE 
FFFE 
FFFE 


'o,,,n,, 
Ai\'1 \\\\\\\\\\\\S\\\\~X\\\\\\\\\\\\\\\\\\\\\S\\\\Y 
~ ~ 


~:::';~: 
~\\\\\\\\\\\\\\\\\\\'{ 
,'\\\\\\\\\\\\\\\\\\\\\\\\\\~ 
~:=x:::x::::x: 


pCB-pelS 
pea-PCl 
First 
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Vector 


"NMT 


SWI 
IRQ 
ICF 
OCF 
TOF 
SCI 


PC 


FFFC:FFFO 


FFFA:FFFB 
FFF8:FFF9 
FFF6:FFF7 


FFF4:FFF5 
FFF2:FFF3 
FFFO:FFFI 


Non-Maskable Interrupt 
Software Interrupt 
Maskable Interrupt Request 1 
Input Capture Interrupt 
Output Compare Interrupt 
Timer Overflow Interrupt 
SCI Interrupt 
(TORE 
+ RORF 
+ ORFE) 


• 
VCC and VSS 
Vcc 
and 
VSS provide 
power 
to a large 
portion 
of the MCU. 


The 
power 
supply 
should 
provide 
+5 volts 
(±5%) 
to Vcc. 
and 


Vss 
should 
be tied 
to ground. 
Total 
power 
dissipation 
(includ- 
ing Vee 
Standby). 
will not exceed 
PD milliwatts. 


• 
VCC Standby 
Vee 
Standby 
provides 
power 
to 
the 
standby 
portion 
($80 
through 
$BF) 
of the 
RAM 
and 
the 
STBY 
PWR and RAME 
bits 
of the 
RAM 
Control 
Register. 
Voltage 
requirements 
depend 
on 
whether 
the 
MCU 
is in a powerup 
or powerdown 
state. 
In the 
powerup 
state. 
the 
power 
supply 
should 
provide 
+5 volts (±5%) 
and 
must 
reach 
VSB volts 
before 
RES 
reaches 
4.0 volts. 
During 
powerdown. 
Vee 
Standby 
must 
remain 
above 
VSBB (min) 
tu 
sustain 
the 
standby 
RAM 
and 
STBY 
PWR bit. 
While 
in power· 


down 
operation. 
the standby 
current 
will not exceed 
ISBB. 


It is typical 
to power 
both 
V('(' 
and 
Vcc Standby 
from 
the 
same 
source 
during 
normal 
operation. 
A diode 
must 
be 
used 
between 
them 
to 
prevent 
supplying 
power 
to 
Vee 
during 
powerdown 
operation. 
Vec 
Standby 
should 
be 
tied 
to either 
ground 
or Vee 
in Mode 
3. 


• 
RAM 
Control 
Register 
($14) 


The 
RAM 
Control 
Register 
includes 
two 
bits 
which 
can 
be 
used 
to 
control 
RAM 
accesses 
and 
determine 
the 
adequacy 
of 
the 
standby 
power 
source 
during 
powerdown 
operation. 
It is 
intended 
that 
RAME 
be cleared 
and 
STBY 
PWR be set as part 


of a powerdown 
procedure. 


RAM Control 
Register 


5 
4 
3 
2 


RAM 
Enable. 
This 
Read/Write 
bit 
can be 


used 
to remove 
the entire 
RAM from 
the 


internal 
memory 
map. 
RAME 
is set (en· 


abled) 
during 
Reset 
provided 
standby 


~er 
is available 
on the 
positive 
edge of 


RES. 
If RAME 
is clear. 
any 
access 
to 
a 


RAM 
address 
is external. 
If RAME 
is set 


and 
not 
in Mode J. the 
RAM 
is included 


in the internal 
map. 
Standby 
Power. 
This 
bit 
is a Read/Write 


status 
bit which 
is cleared 
whenever 
Vec 
Standby 
decreases 
below 
VSBB (min). 
It 


can 
be 
set ~ 
by 
software 
and 
is not 


affected 
by RES. 


patible 
clock 
to the MCU's 
internal 
clock 
generator. 
Divide·by· 


four 
circuitry 
is included 
which 
allows 
use 
of the 
inexpensive 
3.58 
MHz Color 
Burst 
TV crystals. 
A 22 pF capacitor 
is requir- 


ed from 
each 
crystal 
pin to ground 
to ensure 
reliable 
startup 
and 
operation. 
Alternatively. 
EXTAL 
may 
be 
driven 
with 
an 
ex· 


ternal 
TTL 
compatible 
clock 
with 
a duty 
cycle 
of 45% - 
55% 


with 
XT AL connected 
to ground. 


The 
internal 
oscillator 
is designed 
to interface 
with 
an AT-cut 


quartz 
crystal 
resonator 
or a ceramic 
resonator 
operated 
in par· 
allel resonance 
mode 
in the 
frequency 
range 
specified 
for 3.2 - 


4 MHz. 
The 
crystal 
should 
be mounted 
as close 
as possible 
to 


the 
input 
pins 
to minimize 
output 
distortion 
and startup 
stabili- 


zation 
time. 
The 
MCU 
is compatible 
with 
most 
commercially 
available 
crystals 
and 
ceramic 
resonators 
and 
nominal 
crystal 


parameters 
are shown 
in Figure 
15. 


• 
RES 
This 
input 
is used 
to reset 
the 
MCU's 
internal 
state 
and pro· 


vide 
an orderly 
startup 
procedure. 
During 
powerup. 
RES 
must 


be held 
below 
0.8 
volts: 
(I) 
at least 
tRC after 
Vee 
reaches 
4.75 


volts 
in order 
to provide 
sufficient 
time 
for the clock 
generator 


to stabilize. 
and 
(2) until 
Vcc 
Standby 
reaches 
4.75 
volts. 
RES 


must 
be held 
low at least 
three 
E·cycles 
if asserted 
during 
pow· 


erup 
operation. 


When 
a "High" 
level is detected. 
the MCU does the following: 


I) All the higher 
order 
address 
lines will be forced 
"High". 
:n I/O Port 
2 bits. 
2. 
I. and 
0 are latched 
into 
programmed 


control 
bits PC2. PC I and PCO. 


3) The 
last 
two 
($FFFE. 
$FFFF) 
locations 
in memory 
will 


be 
used 
to 
load 
the 
program 
addressed 
by 
the 
program 


counter. 
4) The 
interrupt 
mask 
bit 
is set; 
must 
be cleared 
before 
the 


CPU can recognize 
maskable 
interrupts. 


• 
E (Enable) 
This 
is an output 
clock 
used 
primarily 
for bus synchroniza. 


tion. 
It is TTL 
compatible 
and 
is the slightly 
skewed 
divide·by· 


four 
result 
of 
the 
MCU 
input 
frequency. 
It 
will 
drive 
one 


Schottky 
TTL 
load 
and 90 pF, and all data given in cycles 
is reo 


ferenced 
to this clock 
unless 
otherwise 
noted. 


• 
NMf (Noll·Maskable 
Interrupt) 
An 
NMI 
negative 
edge 
request 
an CPU 
interrupt 
sequence. 


but 
the current 
instruction 
will be completed 
before 
it responds 


to the 
request. 
The 
CPU 
will then 
begin 
an interrupt 
sequence. 


Finally. 
a vector 
is fetched 
from 
$FFFC 
and 
$FFFD. 
trans· 


ferred 
to 
the 
Program 
Counter 
and 
instruction 
execution 
reo 
sumes. 
NMI 
typically 
requires 
a 3.3 
kl1 
(nominal) 
resistor 
to 


Vcc. 
There 
is no 
internal 
NMI 
pullup 
resistor. 
NMI 
must 
be 


held 
low 
for 
at 
least 
one 
E·cycle 
to 
be 
recognized 
under 
all 
conditions. 


• 
IROI 
(Maskable 
Interrupt 
Request 
11 
IRQ, 
is a level·sensitive 
input 
which 
can be used 
to request 
an interrupt 
sequence. 
The 
CPU 
will complete 
the 
current 
in- 


struction 
before 
it responds 
to the request. 
If the interrupt 
mask 


bit (I·bit) 
in the 
Condition 
Code 
Register 
is clear. 
the 
CPU 
will 


begin 
an 
interrupt 
sequence. 
Finally, 
a vector 
is fetched 
from 
$FFF8 
and 
$FFF9. 
transferred 
to 
the 
Program 
Counter, 
and 


instruction 
execution 
is resumed. 
IRQ, 
typically 
requires 
an external 
3.3 kl1 (nominal) 
resis· 


tor 
to 
Vcc 
for 
wire·OR 
application. 
IRQ, 
has 
no 
internal 


pull up resistor. 
• 
XTAL 
and EXTAL 
These 
two 
input 
pins 
interface 
either 
a crystal 
or TTL 
com· 
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• 
SC, and SC2 (Strobe Control 1 and 2) 
The 
function 
of SC, 
and SC, 
depends 
on the operating 


mode. 
SC, 
is configured 
as an output 
in all modes except 


single chip mode, whereas SC, 
is always an output. 
SCI and 


SC, can drive one Schottky load and 90 pF. 


SC, and SC2 in Single Chip Mode 


In Single Chip Modes, SC, and SC, are configured as an in- 


put and output, 
respectively, and both function as Port 3 con- 


trol lines. SC, functions as IS3 and can be used to indicate that 
Port 3 input data is ready or output 
data has been accepted. 
Three options 
associated 
with IS3 are controlled 
hy Port 3's 
Control and Status Register and are discussed in Port 3's des- 
cription_ If unused, IS3 can remain unconnected. 
SC, is configured as OS3 and can be used to strobe output 


data or acknowledge 
input data. It is controlled 
by Output 


Strobe Select (aSS) in Port 3's Control and Status Register. The 
strobe is generated 
by a read (OSS= 0) or write (aSS = I) to 
Port 3's Data Register. OS3 timing is shown in Figure 5. 


SC, and SC2 in Expanded Non-Multiplexed Mode 


In the Expanded Non-Multiplexed Mode, both SC, and SC, 


are configured as outputs. SC, functions as Input/Output 
Select 


(IOS) and is asserted only when $0100 through $OIFF is sensed 
on the internal address bus. 


SC, is configured as Read/Write and is used to control the 


direction 
of data bus transfers. An CPU read is enabled when 


Read/Write and E are high. 


SC, and SC2 in Expanded Multiplexed Mode 


In the Expanded Multiplexed Modes, both SC, and SC, are 
configured as outputs. SC, functions as Address Strobe and can 
be used to demultiplex the eight least significant addresses and 
the data bus. A latch controlled by Address Strobe captures ad- 
dress on the negative edge, as shown in Figure 20_ 


SC, is configured as Read/Write and is used to control the 


direction of data bus transfers. An CPU. read is enabled when 
Read/Write and E are high. 


4 MHz 
5 MHz 
Item 
101 
3 
Co 
7 pF max. 
4.7 pF max. 


As 
60n max. 
30n typ_ 


L, 
C, 
AS 


XTAL 
3 


(Note) 
These 
are representative 
AT cut parallel resonance 
crystal 
parameters. 


tAC 


Oscillator 


Stabilization 


Time, 
lAC 
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• 
PORTS 
There are four I/O ports on the MCV; three g·bit purts and 


one S·bit port. There are two control lines associated with ulle 
of the g·bit ports. Each port has an associated write only Data 
Direction Register which allows each I/O line to be programmed 
to act as an input or an output. 
A "I" 
in the corresponding 


Data Direction Register bit will cause that 1/0 line to be an out· 
put. A "0" in the corresponding Data Direction Register bit will 
cause the I/O line to be an input. There are four ports: Port I. 
Port 2, Port 3, and Port 4. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


Ports 
Port Address 
Data Direction 
Register Address 


I/O Port 1 
$0002 
$0000 


I/O Port 2 
$0003 
$0001 


I/O Port 3 
$0006 
$0004 


I/O Port 4 
$0007 
$0005 


• 
P1O-PH 
(Port 1) 


Port I is a mode independent 
g·bit I/O port where each line 


is an input or output 
as defined by its Data Direction Register. 


The TTL compatible 
three·state 
output 
buffers can drive one 


Schottky 
TTL load and 30 pF, Darlington transistors, or CMOS 


devices using external pullup resistors. It is configured as a data 
input port by RES. Unused lines can remain unconnected. 


• 
P2Q-P24 (Port 2) 
Port 2 is a mode independent 
S·bit I/O port where each line 


is configured 
by its Data Direction Register. During lUOS, all 


lines are configured as inputs. The TTL compatible 
three-state 


output buffers can drive one Schottky TTL load and 30 pF or 
CMOS devices using external pullup resistors. P,0, P,1 and Pl1 
must always be connected 
to provide the operating mode. If 


lines P13 and PH are unused, they can remain unconnected. 


P,0, 
P,I, 
and Pl1 
provide the operating 
mode which is 


latched into the Program Control Register on the positive edge 
of RES. The mode may be read from Port 2 Data Register as 
shown where PC2 is latched from pin 10. 


Port 2 also provides an interface for the Serial Communica- 


tions Interface 
and Timer. Bit I, if configured as an output, 
is 


dedicated 
to the timer's Output Compare function and cannot 


be used to provide output from Port 2 Data Register. 


• 
P30-P37 
(Port 3) 


Port 3 can be configured as an I/O port, a bidirectional g-bit 


data bus, or a multiplexed 
address/data 
bus depending on the 


operating mode. The TTL compatible three·state output buffers 
can drive one Schottky 
TTL load and 90 pF. Unused lines can 


remain unconnected. 


Port 3 in Single-Chip Mode 


Port 3 is an 8-bit I/O port in Single-Chip Mode where each 


line is configured by its Data Direction Register. There are also 


two lines, IS3 and OS3, which can be used to control Port 3 
data transfers. 


Three POri 3 options are controlled 
hy the Port 3 
Control 


and Stat liS Register and available only in Single-Chip Mode: (1) 
POri 3 input data can be latched using IS3 as a control signal. 
(2) OS3 can be generated 
by either an CPU read or write to 


POri 3's Data Register. and (3) an IRQ, 
interrupt 
can be en· 


abled by an IS3 negative edge. Port 3 latch timing is shown in 
l'igure 6. 


Bit 0-2 
Bit 3 
Not used. 
LATCH ENABLE. This bit controls the in- 
put latch for Port 3. If set, input data is 
latched by an IS3 negative edge. The latch 
is transparent 
after a read of Port 3's Data 


~~gister. 
LATCH ENABLE is cleared by 


RES. 
OSS (Output Strobe Select). This bit deter- 
mines whether OS3 will be generated by a 
read or write of Port 
3's Data Register. 


When clear, the strobe 
is generated 
by a 


read; when set, i~enerated 
by a write. 


OSS is cleared by RES. 
Not used. 
IS3 IRQ, 
ENABLE. When set, an IRQI 


interrupt 
will be enabled 
whenever 
IS3 


FLAG is set; when clear, the interrupt 
is 


inhibited. This bit is cleared by RES. 
IS3 FLAG. This read-only status bit is set 
by an IS3 negative edge. It is cleared by a 
read 
of the Port 
3 Control 
and Status 


Register (with IS3 FLAG set) followed by 
a read or write to Port 3's Data Register or 
by RES. 


Bit 5 
Bit 6 


Port 3 in Expanded Non-Multiplexed Mode 


Port 3 is configured as a bidirectional 
data bus (Do - 07) in 


the Expanded 
Non-Multiplexed 
Mode. The direction 
of data 


transfers is controlled 
by Read/Write (SC,) 
and clocked by E 


(Enable). 


Port 3 in Expanded Multiplexed Mode 
Port 3 is configured as a time multiplexed address (Ao - A7) 


and data bus (Do - 07) 
in Expanded Multiplexed Mode where 


Address Strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high impedance state between valid address 
and data to prevent potential bus conflicts. 


• 
P40- P47 (Port 4) 
Port 4 is configured as an g·bit I/O port, address outputs, or 


data inputs depending on the operating mode. Port 4 can drive 
one Schottky 
TTL load and 90 pF and is the only port with 


internal pullup resistors. Unused lines can remain unconnected. 


Port 4 in Single Chip Mode 
In Single Chip Mode, Port 4 functions as an g-bit I/O port 


where each line is configured by its Data Direction 
Register. 
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Internal pullup resistors allow the port to directly interface with 
CMOS at 5 volt levels. External pullup resistors to more than 5 
volts, however, cannot be used. 


Port 4 in Expanded Non-Multi~ed 
Mode 


Port 4 is configured from RES as an 8-bit input port where 


its Data Direction Register can be written to provide any or all 
of address lines, Ao to A7• Internal pullup resistors are intend- 
ed to pull the lines high until 
its Data Direction Register is 


configured. 


Port 4 in Expanded Multiplexed Mode 


In all Expanded 
Multiplexed 
modes except Mode 6, Port ~ 


functions as half of the address bus a~rovides 
As to AI" 
In 
Mode 6, the port is configured from RES as an 8-bit parallel in- 
put port where its Data Direction 
Register can be written 
to 
provide any or all of address lines, As to AI,' 
Internal pullup 


resistors are intended to pull the lines high until its Data Direc- 
tion Register is configured where bit 0 controls As. 


• 
OPERATING 
MODES 


The MCV provides eight different operating modes which are 


selectable by hardware programming and referred to as Mode 0 
through 
Mode 7. The operating 
mode controls 
the memory 


map, configuration of Port 3, Port 4, SCI ,Sf, 
, and the physical 


location of interrupt vectors. 


• 
Fundamental 
Modes 


The MCV's eight modes can be grouped into three funda- 


mental modes which refer to the type of bus it supports: Single 
Chip, Expanded 
Non-Multiplexed, 
and Expanded Multiplexed. 
Single chip modes include 4 and 7, Expanded Non-Multiplexed 
is Mode 5 and the remaining five are Expanded 
Multiplexed 


modes. Table 3 summarizes the characteristics 
of the operating 


modes. 


Single Chip Modes (4, 7) 


In Single-Chip Mode, the MCV's four ports are configured as 


parallel input/output 
data ports, as shown in Figure 16. The 


MCV functions 
as a monolithic 
microcomputer 
in these two 
modes without 
external address or data buses. A maximum of 


29 I/O lines and two Port 3 control lines are provided. In ad· 
dition to other peripherals, another MCV can be interfaced 
to 
Port 
3 in a loosely coupled 
dual processor configuration. 
as 


shown in Figure 17. 
In Single-Chip Test Mode (4), the RAM responds to $XX80 


through $XXFF and the ROM is removed from the internal ad- 
dress map. A test program must first be loaded into the RAM 
using modes 0, I, 2, or 6. If the MeV is Reset and then pro- 
grammed into Mode 4, execution 
will begin at $XXFE: XXFF. 


Mode 5 can be irreversibly entered from Mode 4 without going 
through Reset by setting bit 5 of Port 2's Data Register. This 
mode is used primarily to test Ports 3 and 4 in the Single-Chip 
and Non-Multiplexed Modes. 


up resistors are intended 
to pull Port 4's lines high until it is 


configured. 


Figure 
18 illustrates 
a typical system configuration 
in the 


Expanded Non-Multiplexed Mode. The MCV interfaces directly 
with 
HMCS6800 
family 
parts 
and can access 256 bytes 
of 


external address space at $100 through $IFF. 
IOS provides an 


address 
decode 
of external 
memory 
($IOO-$IFF) 
and can 


be used similarly to an address or chip select line. 


Common to all Modes: 


Reserved 
Register 
Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communication 
Interface 


Single Chip Mode 7 
128 bvte, of RAM; 2048 bvtes of ROM 
Port 3 is a parallel 1/0 port with two control 
lines 


Port 4 is a parallel 1/0 port 
SC, is Input Strobe 3 (1S31 
SC, is Output 
Strobe 3 (053) 


Expanded Non-Multiplexed 
Mode 5 
128 bVtes of RAM; 2048 bvtes of ROM 
256 bytes 
of external 
memory 
space 


Port 3 is an 8-bit data bus 
Port 4 is an input 
port/address 
bus 


SC1 
is Input/Output 
Select 
(lOS) 
SC2 
is read/write 
(RMI 


Expanded Multiplaxed 
Modes 1, 2,3,6 


Four memory space options 
165k address space): 


(1) No internal RAM or ROM (Mode 31 
(2) 
Internal RAM. no ROM (Mode 21 


(31 Internal RAM and ROM (Mode 1) 
(41 Internal RAM, 
ROM with partial address bus (Mode 6) 


Port 3 is a multiplexed 
address/data bus 


Port 4 is an address bus (inputs/address 
in Mode 61 


SC1 is Address Strobe (ASI 
SC, ;s ReadlWrite 
(RtWl 


Test Modes 0 and 4 
Expanded Multiplexed 
Test Mode 0 


Mav be used to test RAM and ROM 


Single Chip and Non-Multiplexed 
Test Mode 4 
(1) May be changed to Mode 5 without 
going thr?ugh 
Reset 


(2) May be used to test Ports 3 and 4 as I/O ports 


Expanded·Multiplexed 
Modes (0. ',2,3,6) 


In the Expanded-Multiplexed 
Modes, the MCV has the ability 


to access a 65k bytes memory space. Port 3 functions as a time 
multiplexed address/data 
bus with address valid on the negative 


edge of Address Strobe (AS) and the data bus valid while E is 
high. In Modes 0 to 3, Port 4 provides address lines As to AI s. 
In Mode 6, however, Port 4 is configured during RES as data 
port inputs and the Data Direction Register can be changed to 
provide any combination 
of address lines, As to AI" 
Stated 


alternatively, 
any subset of As to Ais 
can be provided while 


retaining 
the 
remainder 
as input 
data lines. Internal 
pullup 
Expanded Non-Multiplexed Mode (5) 
resistors are intended 
to pull Port 4's lines high until software 
A modest amount 
of external memory space is provided in 
configures the port. 


the 
Expanded 
Non-Multiplexed 
Mode while retaining signifi- 
Figure 19 depicts a typical configuration 
for the Expanded· 


cant on-chip resources. Port 3 functions as an 8-bit bidirectional 
Multiplexed 
Modes. Address Strobe can be used to control 
a 


data bus and Port 4 is configured as an input data port. Any 
transparent 
D-type latch to capture 
addresses Ao to A7, 
as 
combination 
of the eight least-significant address lines may be 
shown in Figure 20. This allows Port 3 to function as a Data Bus 
obtained by writing to Port 4's Data Direction Register. Stated 
when E is high. 
alternatively, 
any combination 
of Ao to A7 may be provided 
In Mode 0, the Reset vector is external for the first two E· 
while retaining the remainder as input data lines. Internal pull- 
cycles after the positive edge of RES and internal thereafter. In 
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addition, the internal and external data buses are connected and 
there must be no memory map overlap to avoid potential bus 
conflicts. Mode 0 is used primarily to verify the ROM pattern 


Port 
2 
51/0 
Lines 
Serjall/O 
16·Bit Timer 


Port 
2 
5 I/O 
Un•• 
Seriel 
I/O 
16·8it 
Timer 


and monitor 
the internal 
data bus with the automated 
test 


equipment. 


Vcc 


XTAL 


NMI 
ilm, 


Port 
1 
81/0 
lines 


Port 4 
81/0 
LinM 


Vss 


Port 2 


5 I/O lines 


SCI 


16·81' TImer 


100-0,) 
(AO-A,l 
1M 
RIW 
E 


Port 1 
81/0 


Port 
2 
5 I/O 
SCI 
TImer 


R/W 
16 


Port 1 
Port 3 
HD68POl 


8110 
Lines 
8 lines 
Multiplu:ed 
Datal 
Port 
1 
Address 
81/0 


Port 2 
Port 2 


5110 
Lines 


Port 4 
51/0 


$en.IIID 
8Llne'5 
SCI 


16·811 T,mer 


Address 
Bus 
Timer 


VSS 
VSS 


Address 
Bus 


IAO-AISl 


R/VI 
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I 
G OC 
D, 
a, 


74LS373 
(Typical) 


D. 
0. 
1"'~'"-', 


] ~,. 
eo-e, 


Port 3 
[ 
Address/Data 
Output 
Enable 
Output 


Control 
G 
D 
0 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
00 


H 
X 
X 
Z 


• 
Programming 
The Mode 


The 
operating 
mode 
is programmed 
by the levels asserted 
on 


P", 
P2I, 
and 
P,o 
which 
are latched 
into 
PC2, PCI, 
and pca of 
the 
program 
control 
register 
on the 
positive 
edge 
of RES. 
The 


operating 
mode 
may 
be 
read 
from 
Port 
2 
Data 
Register 
as 
shown 
below, 
and 
programming 
levels 
and 
timing 
must 
be met 


as shown 
in Figure 
8. A brief 
outline 
of the operating 
modes 
is 


shown 
in Table 
4. 


Circuitry 
to 
provide 
the 
programming 
levels 
is dependent 
primarily 
on the 
normal 
system 
usage 
of the 
three 
pins. 
If con· 
figured 
as outputs, 
the 
circuit 
shown 
in Figure 
21 may be used; 
Gtherwise, 
three-state 
buffers 
can 
be 
used 
to provide 
isolation 
while 
programming 
the mode. 


Mode 
P" 
P21 
P,o 
ROM 
RAM 
Interrupt 
Bus 
Operating 
Mode 
(PC2) 
(PCll 
(PCO) 
Vectors 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single 
Chip 
6 
H 
H 
L 
I 
I 
I 
MUXI5.6) 
Multiplexed/Partial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI5.6) 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
112) 
1111 
I 
I 
Single 
Chip Test 


3 
L 
H 
H 
E 
E 
E 
MUX(4) 
Multiplexed 
/No 
RAM or ROM 


2 
L 
H 
L 
E 
I 
E 
MUX(4) 
Multiplexed 
/RAM 


1 
L 
L 
H 
I 
I 
E 
MUX(4) 
Multiplexed/RAM 
& ROM 


0 
L 
L 
L 
I 
I 
1(3) 
MUX(4) 
Multiplexed 
Test 


legend: 


I - 
Internal 
E - 
External 
MUX - Multiplexed 
NMUX - 
Non-Multiplexed 
L - 
Logic "0" 
H - Logic "1" 


Notes: 


(1) Internal RAM is addressed at $XX80 
(21 Internal ROM is disabled 
(3) RES vector 
is external for 2 cycles after RES goes high 
(41 Addresses 
associated 
with 
Ports 3 and 4 are considered 
external 
in Modes O. 1, 2, and 3 


(5) Addresses 
associated 
with Port ~ are considered 
external 
in Modes 5 and 6 
(6) Port 4 default is user data input; address output 
is optional by writing 
to Port 4 Data Direction 
Register 
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R 


AI 
AI 
R, 
6 
RES 
I r r 


A 
8 
C 
H068pa1 
Xo 
8 
P,o 
(PCal 
Yo 
X 
9 
- 
Zo 
Y 
P" 
(PC1) 
1a 
P" 
IPC21 
X, 
Z 


Y, 


Z, 
H014a53B 
Inh 


C 
Mode 0, 
? ? ? Control 


~ 
Sw;tch 


INOTES] 
11 Mode 7 as shown 
21 RC ::::::Reset time constant 
31 RI = 1akn 


Binary to '-of·2 
Decoder with 


Inhibit 


Control Input 
On Switch 


Select 
Inhibit 
C 
8 
A 
H014a538 


a 
a 
a 
a 
Zo 
Yo 
Xo 


a 
a 
a 
1 
Zo 
Yo 
XI 


a 
a 
1 
a 
Zo 
YI 
Xo 


a 
a 
1 
1 
Zo 
YI 
X, 


a 
1 
a 
a 
ZI 
Yo 
Xo 


a 
1 
a 
1 
ZI 
Yo 
XI 


a 
1 
1 
a 
ZI 
YI 
Xo 


a 
1 
1 
1 
ZI 
YI 
XI 


1 
X 
X 
X 
- 
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• 
MEMORY 
MAPS 


The MCU can provide up to 65k bytes address space depend- 
ing on the operating mode. The HD68POI provides 8k bytes ad- 
dress space for EPROM, but the maps differ in EPROM types as 
follows. 


I) HN482732A (a 4k-byte EPROM) 


In order to support 
the HD680IVO, EPROM of the 


HD68POIV07/HD68POIV07-1 
must be located at $FOOO- 


$FFFF. 


2) HN482764 (a 8k·byte EPROM) 


The HD68POIMO/HD68POIMO-I can provide up to 


8k 
bytes 
address 
space using 
HN482764 
instead 
of 


HN482732A. 
In this case, EPROM of the HD68POIMO/ 
HD68POIMO-I is located at $EOOO-$FFFF. 
A memory map for each operating mode is shown in Figure 


23. 
The first 32 locations 
of each map are reserved for the 


MCU's internal register area, as shown in Table 5, with excep- 
tions as indicated. 
Refer to "Precaution when emulating the HD6801 Family". 


Register 
Address 


Port 1 Data 
Direction 
Register··· 
00 


Port 2 Data Direction 
Register··· 
01 


Port 1 Data Register 
02 


Port 2 Data Register 
03 


Port 3 Data Direction 
Register··· 
04" 


Port 4 Data Direction 
Register··· 
05"" 


Port 3 Data Register 
06" 


Port 4 Data Register 
07"" 


Timer 
Control 
and Status Register 
08 


Counter 
(High Byte) 
09 


Counter (Low Byte) 
OA 


Output 
Compare 
Register (High Byte) 
08 


Output 
Compare 
Register (Low 
Byte) 
OC 


Input 
Capture Register (High Byte) 
00 


Input Capture 
Register (Low Byte) 
OE 


Port 3 control 
and Status 
Register 
OF" 


Rate and Mode Control 
Register 
10 


Transmit/Receive 
Control 
and Status Register 
11 


Receive Data Register 
12 


Transmit 
Data Register 
13 


RAM 
Control 
Register 
14 


Reserved 
IS·IF 


• External 
address in Modes 0, 1, 2, 3, 5,6; 
cannot be accessed in 


Mode 5 (No 1051 


•• 
E)( ternal addresses in Modes 0, 1, 2, 3 


••• 
1 •• Output, 
0 •• Input 
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o 


Multiplexed 
Test mode 


$000011) 


Multiplexed/RAM 
& EPROM 


$0000111 


$FFEF 


$FFFO 


$FFFF 


INoTESI 


1) 
Excludes the following 
addresses which may 


be used externally: 
$04, $05, $06, $07 and $OF. 
2) 
Addresses $FFFE 
and $FFFF 
are considered 


external 
jf accessed 
within 
2 cycles 
alter a 


positive edge of RES and internal 
at all other 


times. 


3) 
After 
2 CPU cycles, there must be no over- 
lapping of internal and external 
memory 


spaces to avoid driving the data bus with more 
than one device. 


4) 
This mode is the only mode which may be used 
to examine the interrupt 
vectors in EPROM 


using an external 
Reset vector. 


[NOTES) 


1) 
Excludes the following 
addresses which may 


be used externally: 
$04, $05, $06, $07 and 


$OF. 
21 EPROM addresses $FFFO to SFFFF 
are 


not usable. 
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2 


HD68P01 
Mode 3 


Multiplexed/RAM 


$0000(1) 


$FFFO 


$FFFF 
$FFFO 


$FFFF 


INOTE) 
1) 
Excludes the following addresseswhich may 
be used externally: 
$04. 
$05, 
$06, 
S01, and 


$OF. 


(NOTE) 
1) 
Excludes the following addresseswhich may 
be used externally: 
$04. 
$05. 
$06. 
$07 and 
$OF. 
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4 


$0000 


$OOlF 


$XX80 


$XXFr 


(NOTES) 
11 The internal 
ROM is disabled. 
2) 
Mode 4 may be changed to Mode 5 without 


having to assert RESET bV writing 
a "'" 
into 


the pea bit of Port 
2 Data 
Register. 


3) 
Addresses 
As to Al 5 are treated 
as "don't 


cares" 
to decode 
internal 
RAM. 
4) 
Internal 
RAM will appear at $XX80 
to $XXFF. 


5 


Non-Multiplexed/Partial 
Decode 


$0000111~1 
Internal 
Registers 


$oolF 
Unusable 


) Internal 
RAM 


} 
External 
Memory Space 


(NOTES) 
1) Excludes the following 
addresses which 
may 


not be used externally: 
$04. $06. and $OF. 


(No 10S) 
21 This mode may be entered without 
going 


through 
RESET by using Mode 4 and sub- 


sequently writing a "1" 
into the pea bit of 


Port 
2 Data 
Register. 
3) 
Address 
lines Ao - A, will not contain address- 


es until the Data Direction 
Register for Port 4 


has been written 
with ••, 's" in the appropriate 


bits. These address 
lines will assert 
""5" 
until 


made outputs 
by writing 
the Data Direction 


Register. 
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6 


Multiplexed/Partial 
Decode 


$0000(11 
:::~) 


$0080~} 


,we 
I 


Unusable 


(NOTES! 
1) Excludes the following 
address which may be 
user! externally: 
$04. 
$06, SOF. 
2) Addresslines A.-A1S 
will not contain 
addressesuntil the Data Direction 
Register for 
Port 4 has been written 
with "1's" 
in the- 
appropriate 
bits. These address 
lines will 
assert 
"1'5" 
until 
made outputs 
by writing 
the 
Data Direction 
Register. 


7 
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• 
PROGRAMMABLE 
TIME 


The Programmable Timer can be used to perform input wave- 
form measurements 
while independently 
generating an output 
waveform. Pulse widths can vary from several microseconds to 
many seconds. A block diagram of the Timer is shown in Figure 
24. 


• 
Counter ($09:0AI 
The key timer element is a 16-bit free-running counter which 


is incremented 
by E (Enable). 
It is cleared during RES and is 


read-only with one exception: 
a write to the counter (S09) will 
preset it to $FFF8. 
This feature, intended 
for testing, can dis- 
turb serial operations 
because the counter 
provides the SCI's 


internal bit rate clock. TOF is set whenever the counter contains 
all I's. 


• 
Output 
Compare Register ($OB:OC) 


The Output Compare Register is a 16-bit Read/Write register 
used to control 
an output 
waveform or provide an arbitrary 


timeout 
flag. It is compared 
with the free-running counter on 
each E-cycle. When a match is found, OCF is set and OLVL is 
clocked to an output level register. If Port 2, bit I, is configured 
as an output, OLVL will appear at P2• and the Output Compare 
Register and OLVL can then be changed for the next compare. 
The function is inhibited for one cycle after a write to its high 
byte of the Compare Resister (SOB) to ensure a valid compare. 


• 
Input Capture Register ($00: 
OE) 
The Input Capture Register is a 16-bit read-only register used 


to store the free·running counter when a "proper" 
input transi- 


tion occurs as defined by IEDG. Port 2, bit 0 should be con- 
figured as an input, but the edge detect circuit always senses P20 
even when configured as an output. An input capture can occur 
independently 
of ICF: the register always contains the most cur- 
rent value. Counter 
transfer is inhibited, however, between ac- 
cesses of a double byte CPU read. The input pulse width must 
be at least two E-cycles to ensure an input capture 
under all 


conditions. 


• 
Timer Control and Status Register ($08) 
The Timer Control 
and Status Register (TCSR) is an 8-bit 


register of which all bits are readable while bits 0-4 can be 
written. 
The 
three 
most 
significant 
bits provide 
the timer's 
status and indicate if: 


a proper level transition has been dtected, 
a match has been found between the free-running counter 
and the output compare register, and 
the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt and 


is controlled by an individual enable bit in the TCSR. 


Bit 1 
Port 2 
DDR 
.---- 
I 
_____ 
: Output 
Level 
Bit 1 
Port 2 


Input 
Edge 
BitO 
Port 2 
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Bit OOLVL 
Output 
level. OLVL is clocked to the output 
level register by a successful output compare and 
will appear at P" 
if Bit I of Port 2's Data Direc- 


tion Register is set. It is cleared by RES. 


Bit I IEDG 
Input Edge_IEDG is cleared by RES and controls 
which level transition will trigger a counter trans- 
fer to the Input Capture Register: 
IEDG = 0 Transfer on a negative-edge 
IEDG = I Transfer on a positive-edge. 


Bit 2 ETOI 
Enable Timer Overflow Interrupt. 
When set, an 


IRQ, 
interrupt 
is enabled for a timer overflow; 
when clear, the interrupt is inhibited. It is cleared 
by RES. 
Bit 3 EOCI 
Enable Output Compare Interrupt. 
When set, an 


IRQ, 
interrupt 
is enabled for an output 
com- 


pare; when clear, the interrupt is inhibited. It is 
cleared by RES. 
Bit 4 EICI 
Enable 
Input 
Capture 
Interrupt. 
When set, an 


IRQ, 
interrupt 
is enabled for an input capture; 
when 
clea.!:....-the interrupt 
is inhibited. 
It 
is 


cleared by RES. 


Bit 5 TOF 
Timer 
Overflow 
Flag. 
TOF 
is set 
when 
the 


counter contains $FFFF. It is cleared by reading 
the 
TCSR 
(with 
TOF 
set) 
followed 
by 
the 


counter's high byte ($09), or by RES. 
Bit 6 OFC 
Output Compare Flag. OCF is set when the Out- 
put Compare Register matches the free-running 
counter. It is cleared by reading the TCSR(with 
OCF set) and then writing to the Output Com- 
pare Register ($OB or $OC), or by RES. 
Bit 7 ICF 
Input 
Capture 
Flag. ICF is set to indicate a 


proper 
level transition; 
it is cleared by reading 


the 
TCSR (with 
ICF set) and then the Input 


Capture Register High Byte ($00), or by RES. 


• 
SERIAL COMMUNICATIONS INTERFACE 
(SCII 


A full-duplex asynchronous Serial Communications 
Interface 
(SCI) is provided with a data format and a variety of rates. The 
SCI transmitter 
and receiver are functionally 
independent, 
but 


use the same data format 
and bit rate. Serial data format is 
standard 
mark/space 
(NRZ) and provides one start bit, eight 
data bits, and one stop bit. "Baud" 
and "bit rate" are used 


synonymously in the following description. 


• 
Wlke-Up Fllture 
In a typical 
serial loop multi-processor 
configuration, 
the 


software 
protocol 
will usually identify the addressees) at the 


beginning of the message. In order to permit uninterested MCV's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further 
SCI receiver flag (and interrupt) 


processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of ten consecutive I 's or 
by RES. Software 
must provide for the required 
idle string 
between consecutive messages and prevent it within messages. 


• 
PrOllrlmmable Options 
The following features of the SCI are programmable: 


format: Standard mark/space (NRZ) 


clock: external or internal bit rate clock 
Baud (or bit rate): one of 4 per E-clock frequency, or ex- 
ternal bit rate (XS) input 
wake-up feature: enabled or disabled 
interrupt 
requests: 
enabled 
individually 
for transmitter 


and receiver 
clock output: 
internal bit rate clock enabled or disabled 


to P" 
Port 2 (bit 3,4): 
dedicated or not dedicated to serial 1/0 
individually for transmitter and receiver. 


• 
Serial Communications 
Registers 


The Serial Communications 
Interface includes four addres- 


sable registers as depicted in Figure 25. It is controlled by the 
Rate and Mode Control Register and the Transmit/Receive 
Con- 


trol and Status Register. Data is transmitted and received utiliz- 
ing a write-only 
Transmit 
Register and a read-only 
Receive 


Register. The shift registers are not accessible to software. 


Port 2 


Rx 
Bit 
3 


Rate and Mode Control Register (RMCR) ($10) 


The Rate and Mode Control 
Register controls 
the SCI bit 


rate, format, 
clock source, and under certain conditions, 
the 
configuration 
of P". 
The ~ter 
consists of four write-only 


bits which are cleared by RES. The two least significant bits 
control the bit rate of the internal clock and the remaining t}Vo 
bits control the format and clock source. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Bit I: Bit 0 
SSI: SSO Speed Select. These two bits select the 
Baud when using the internal clock. Four rates 
may be selected which are a function of the MCU 
input frequency. Table 6 lists bit time and rates 
for three selected MCU frequencies. 
Bit 3: Bit 2 
CCI :CCO Clock Control 
Select. These two bits 
select the serial clock source. If CCI is set, the 
DDR value for P" 
is forced to the complement 


of 
CCO and 
cannot 
be altered 
until 
CCI 
is 


cleared. If CCI is cleared after having been set, 
its DDR value is unchanged. Table 7 defines the 
clock source, and use ofPn. 
If both CCI and CCO are set, an external TTL compatible 


clock must be connected 
to P" 
at eight times (8X) the desired 


bit rate, but not greater than E, with a duty cycle of SO%(± 
10%). If CCI :CCO= 10, the internal bit rate clock is provided at 
P" 
regardless of the values for TE or RE. 


(Note) The source of SeI internal bit rate clock is the timer's free run· 
ning counter. 
An CPU 
write to the counter 
can disturb 
serial 


operations. 


Transmit/Receive 
Control and Status Register (TRCSR) ($11) 


The Transmit/Receive 
Control and Status Register controls 


the transmitter, 
receiver, wake-up feature, and two individual 


interrupts 
and monitors the status of serial operations. All eight 


bits are readable while bits 0 to 4 are also writable. The register 
is initialized to $20 by RES. 


"Wake-up" 
on Idle Line. When set, WU enables 
the wake-up function; 
it is cleared by ten con- 
secutive I's or by RES. WU will not set if the line 
is idle. 
Transmit 
Enable. When set, PH DDR bit is set, 
cannot be changed, and will remain set if TE is 
subsequently 
cleared. When TE is changed from 


clear to set, the transmitter 
is connected 
to p,. 


and a preamble of nine consecutive I's is trans- 
mitted. TE is cleared by RES. 


Bit 2 TIE 
Transmit 
Interrupt 
Enable. When set, an IRQ, 
interrupt 
is enabled when TDRE is set; when 
clear, the interrupt 
is inhibited. TE is cleared by 


RES. 


Bit 3 RE 
Receive Enable. 
When set, 
Pn's 
DDR bit is 
cleared, cannot be changed, and will remain clear 
if RE is subsequently 
cleared. While RE is set, 


the 
SCI receiver is enabled. 
RE is cleared by 


RES. 
Bit 4 RIE 
Receiver Interrupt 
Enable. When set, an IRQ, 
interrupt 
is enabled when RDRF and/or ORFE is 
set; when clear, the interrupt 
is inhibited. 
RlE is 
cleared by RES. 


Bit S TDRE 
Transmit 
Data 
Register 
Empty. 
TDRE 
is set 


when the Transmit Data Register is transferred to 
the output 
serial shift register or by RES. It is 
cleared by reading the TRCSR (with TDRE set) 
and then writing to the Transmit Data Register. 
Additional data will be transmitted 
only if TDRE 


has been cleared. 


Bit 6 ORFE 
Overrun Framing Error. If set, ORFE indicates 
either an overrun or framing error. An overrun is 
a new byte ready to transfer to the Receiver Data 
Register with RDRF still set. A receiver framing 
error has occurred when the byte boundaries of 
the bit stream are not synchronized 
to the bit 
counter. An overrun can be distinguished from a 
framing error by the value of RDRF: if RDRF is 
set, then an overrun has occurred; otherwise a 
framing 
error 
has been detected. 
Data is not 


transferred 
to the Receive Data Register in an 
overrun 
or 
framing error 
condition. 
ORFE 
is 
cleared by reading the TRCSR (with ORFE set) 
then the Receive Data Register, or by RES. 


Bit 7 RDRF 
Receive Data Register Full. RDRF is set when 
the input serial shift register is transferred to the 
Receive Data Register. It is cleared by reading 
the TRCSR (with RDRF set), and then the Re- 
ceive Data Register, or by RES. 


XTAL 
2.4576 MHz 
4.0 MHz 
4.9152 MHz· 
5S1 
: 
SSO 
E 
614.4 kHz 
1.0 MHz 
1.2288 MHz 


0 
0 
E -i- 16 
26 jJs/38,400 8aud 
16 jJs/62,500 8aud 
13 jJs/76,800 Baud 


0 
1 
E -i- 128 
208jJs/4,800 
Baud 
128jJs/7812.5 Baud 
104.2 I1s/9,600 Baud 
1 
0 
E -i- 1024 
1.67ms/600 Baud 
1.024ms/976.6 
Baud 
833.3 I1S/1,200 Baud 


1 
1 
E -i- 4096 
6.67ms/150 
Baud 
4.096ms/244.1 
Baud 
3.33 ms/300 Baud 


• HD68POlV07-1, HD68P01MO-l only 
Table 7 5CI Format and Clock Source Control 


CC1:CCO 
Format 
Clock Source 
Port 2 Bit 2 
Port 2 Bit 3 
Port 2 Bit 4 
0 
0 
- 
- 
- 
0 
1 
NRZ 
Internal 
Not Used 
.. 
.. 


1 
0 
NRZ 
Internal 
Output· 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 
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• 
Internally Ganerated Clcok 
If the user wishes for the serial I/O to furnish a clock, the fol- 


lowing requirements are applicable: 
the values of RE and TE are immaterial. 
CCI, CCOmust be set to 10 
the maximum clock rate will be E .;-16. 
the clock will be at I X the bit rate and will have a rising 
edge at mid-bit. 


• 
Extarnally Generated Clock 
If the user wishes to provide an external clock for the serial 


I/O, the following requirements are applicable: 


the CCI, CCO, field in the Rate and Mode Control 
Re- 


gister must be set to II, 
the external clock must be set to 8 times (X8) 
the desired 


baud rate and 
the maximum external clock frequency is 1.0 MHz. 


• 
Serial Operations 
The SCI is initialized 
by writing control 
bytes first to the 


Rate and Mode Control Register and then to the Transmit/Re· 
ceive Control and Status Register. 


The Transmitter 
Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit operations 
The transmit operation is enabled by TE in the Transmit/Re- 


ceive Control and Status Register. When TE is set, the output of 
the transmit 
serial shift register is connected 
to p,. 
and the 


serial output 
by first transmitting 
to a ten-bit preamble of 1'so 


Following the preamble, internal synchronization 
is established 


and the transmitter 
section is ready for operation. 
At this point one of two situation exist: 
I) if the Transmit Data Register is empty (TDRE = I). a con· 
tinuous string of ones will be sent indicating an idle line, 
or, 
2) if a byte has been written to the Transmit Data Register 


(TDRE = 0), it is transferred to the output serial shift reg- 
ister and transmission will begin. 
During the transfer itself, the start bit (0) is first transmitted. 


Then the 8 data bits (beginning with bit 0) followed by the stop 
bit (I), are transmitted. When the Transmitter Data Register has 
been emptied, the TDRE flag bit is set. 


If the MCV fails to respond 
to the flag within 
the pro- 


per time, (TDRE is still set when the next normal transfer from 
the parallel data register to the serial output 
register should 
occur) then a I will be sent (instead of a 0) at "Start" 
bit time, 


followed by more I's until more data is supplied to the data 
register. No O's will be sent while TDRE remains a I. 


Receive Operations 
The receive operation 
is enabled by RE which configures 


P". The receive operation 
is controled by the contents of the 


Transmit/Receive 
Control and Status Register and the Rate and 


Mode Control Register. 


The receiver bit interval is divided into 8 sub-intervals for 


internal 
synchronization. 
In the NRZ Mode, the received bit 


stream is synchronized by the first 0 (space) encountered. 


The approximate 
center of each bit time is strobed during 


the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and ORFE is set. If the tenth bit is a I, the 
data is transferred 
to the Receive Data Register, and interrupt 


flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
MCV responds 
to either 
flag (RDRF 
or ORFE) 
by reading 


the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cieared. 


• 
INSTRUCTION SET 
The HD68PO I is upward source and object code compatible 


with the HD6800. 
Execution 
times of key instructions 
have 


been reduced 
and several new instructions 
have been added, 


including hardware multiply. A list of new operations added to 
the HD6800 instruction set is shown in Table 8. 


In addition, two new special opcodes, 4E and 5E, are provid- 


ed for test purposes. These opcodes force the Program Counter 
to increment 
like a 16-bit counter, 
causing address lines used 


in the expanded 
modes to increment 
until the device is reset. 


These opcades have no mnemonics. 


ABX 
ADDD 
ASLD 
BRN 
LDD 
LSRD 
MUL 
PSHX 
PULX 


STD 
SUBD 


Description 


Unsigned addition of Accumulator B to Index Register 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 
Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C·bit 
Branch Never 
Loads double accumulator from memorv 
Shifts the double accumulator right (towards LSBI one bit; the MSB is cleared and the LSB is shifted into the C·bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 
Pushes the Index Register to stack 
Pulls the Index Register from stack 
Stores the double accumulator to memory 
Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
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• 
Programming Model 
A programming model for the HD68POI is shown in Figure 
10. Accumulator 
A can be concatenated 
with accumulator 
B 
and jointly 
referred to as accumulator 
D where A is the most 


significant 
byte. 
Any 
operation 
which 
modifies 
the 
double 
accumulator 
will also modify accumulator 
A and/or 
B. Other 
registers are dermed as follows: 


Program Counter 


The program counter is a 16-bit register which always points 
to the next instruction. 


StIlck Pointer 
The stack pointer is a 16-bit register which contains the ad· 
dress 
of 
the 
next 
available location 
in a pushdown/pullup 


(LIFO) queue. The stack resides in random access memory at a 
location defined by the programmer. 


Index Ragister 


The Index Register is a 16-bit register which can be used to 
store 
data 
or provide 
an address 
for the indexed 
mode of 
addressing. 


Accumulators 
The CPU contains two 8-bit accumulators, 
A and B, which 
are used to store operands and results from the arithmetic logic 
unit (ALU). They can also be concatenated 
and referred to as 


the D (double) accumulator. 


Condition Code Register, 


The condition 
code register indicates the results of an in· 


struction 
and includes the following five condition bits: Nega. 
tive (N), Zero (Z), Overflow (Y), Carry/Borrow 
from MSB (C), 


and Half Carry from bit 3 (H). These bits are testable by the 
conditional 
branch 
instruction. 
Bit 4 is the interrupt 
mask 


(I.bit) 
and inhibits all maskable interrupts 
when set. The two 
unused bits, b6 and b7 are read as ones. 


• 
Addrassing Modes 
The CPU provides six addressing modes which can be used 


to reference memory. A summary of addressing modes for all 
instructions is presented in Table 9,10, 
II, and 12 where execu- 


tion times are provided in E·cycles. Instruction execution times 
are summarized in Table 13. With an input frequency of 4 MHz, 
E·cycles 
are 
equivalent 
to 
microseconds. 
A cycle·by-cycle 


description 
of bus activity for each instruction 
is provided in 


Table 14 and a description of selected instructions is shown in 
Figure 26. 


Immediate Addres,ing 
The operand or "immediate 
byte(s)" 
is contained in the fol- 


lowing byte(s) 
of the instruction 
where the number of bytes 


matches the size of the register. These are two or three byte 
instructions. 


Direct Addressing 
The least significant byte of the operand address is contained 


in the second byte of the instruction 
and the most significant 


byte is assumed to be SOO.Direct addressing allows the user to 
access SOOthrough SFF using two·byte instructions and execu· 
tion time is reduced by eliminating the additional memory ac· 
cess. In most applications, 
the 2S6-byte 
area is reserved for 


frequently referenced data. 


Extended Addressing 
The second and third bytes of the instruction contain the ab- 


solute address of the operand. These are three byte instructions. 


Indexed Addressing 
The unsigned offset contained in the second byte of the in- 


struction is added with carry to the Index Register and used to 
reference memory without 
changing the Index Register. These 


are two byte instructions. 


Booleanl 
Condo Code Reg. 


Pointer Operations 
Mnemonic 
lmmed 
Direct 
Index 
Extend 
Implied 
Arithmetic Operation 
5 
4 
3 
2 
1 0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Compare Index Reg 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
8C 
6 
3 
X - 
M: M + 1 
·• 
I 
I 
I I 


Decrement 
Index Reg 
OEX 
09 
3 
1 
X -1- 
X 
··· 


I • • 


Decrement 
Stack 
Potr 
OES 
34 
3 
1 
SP - 
1 - 
SP 
• ···• • 
Increment Index Reg 
INX 
08 
3 
1 
X + 1- 
X 
··• 
I ·· 
Increment 
Stack Pntr 
INS 
31 
3 
1 
SP + 1- SP 
···• • · 
Load Inde x Reg 
LOX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M- 
XH• (M+1I- 
XL ·· 


I I 
R · 
Load Stack Potr 
LOS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M- 
SPH. (M+1I-SPL · • 
I I 
R · 
Store 
Index 
Aeg 
STX 
OF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH - 
M. XL - 
1M + 11 ·· 


I I 
R • 
Store 
Stack 
Pntr 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH - 
M. SPL - 
(M+ l' ·· 


I I 
R · 
Index 
Reg - 
Stack 
Pot, 
TXS 
35 
3 
1 
X - 1- 
SP 
• ····· 
Stack Potr - 
Index Reg 
TSX 
30 
3 
1 
SP+1-X 
· • • • • · 
Add 
ABX 
3A 
3 
1 
B+X-X 
• ····• 
Push Data 
PSHX 
3C 
4 
1 
XL - 
Msp. SP - 1 - 
SP ·• ···• 


XH - 
MSp. SP - 1 - 
SP 


Pull Data 
PULX 
38 
5 
1 
SP + 1 -+ SP, MSp- 
XH ···• ·· 
SP + 1 - 
SP. MSp- 
XL 
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Relative Addressing 
Relative addressing is used only for branch instructions. 
If 


the branch condition is true, the Program Counter is overwritten 
with the sum of a signed single byte displacement in the second 
byte of the instruction and the current Program Counter. This 
provides a branch range of - 126 to 129 bytes from the first 
byte of the instruction. These are two byte instructions. 


Implied Addressing 
The 
operand(s) 
are registers and no memory 
reference 
is 


required. These are single byte instructions. 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Implied 
Condo Code Reg. 
Memory 
Operations 
Mnemonic 
Boolean Expression. 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Add Acmltrs 
ABA 
1B 
2 
1 
A+B~A 
t ·t t t t 
AddBtoX 
ABX 
3A 
3 
1 
B + X->X 
·• • • • • 
Add with 
Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C->A 
t • t t t t 
ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-+B 
t · t t t t 


Add 
ADDA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-+A 
t • t t t t 
ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-+A 
t • t t t t 
Add Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
D+M:M+l->D 
• • t t t t 
And 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A· 
M->A 
·• t t 
A • 
AN DB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B' 
M->B 
• • t t 
A • 
Shift Left, Arithmetic 
ASL 
68 
6 
2 
78 
6 
3 
• • t t t t 
ASLA 
48 
2 
1 
• • t t t t 
ASLB 
5B 
2 
1 
• • t t t t 
Shift 
Left 
Dbl 
ASLD 
05 
3 
1 
·• t t t t 


Shift 
Right, 
Arithmetic 
ASA 
67 
6 
2 
77 
6 
3 
• • t t t t 


ASAA 
47 
2 
1 
• • t t t t 
ASAB 
57 
2 
1 
• • t t t t 
Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A'M 
• • t t 
A • 
BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B· 
M 
·· t t 
A · 
Compare 
Acmltrs 
CBA 
11 
2 
1 
A-B 
• • t t t t 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO->M 
• • 
A 
S 
A 
A 


CLAA 
4F 
2 
1 
oo->A 
·• 
A 
S 
A 
A 


CLAB 
5F 
2 
1 
00 ->B 
• · 
A 
5 
A 
A 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
A1 
4 
2 
Bl 
4 
3 
A-M 
• • t t t t 


CMPB 
C1 
2 
2 
D1 
3 
2 
E1 
4 
2 
Fl 
4 
3 
B - M 
·· t t t t 
"s Complement 
COM 
63 
6 
2 
73 
6 
3 
M->M 
• • t t 
A 
S 


COMA 
43 
2 
1 
li.->A 
·· t t 
A 
5 


COMB 
53 
2 
1 
B->B 
·· t t 
A 
S 


Decimal Adj, A 
DAA 
19 
2 
1 
Adj binary sum to BCD ·· t t t t 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M - l-+M 
·• t t t • 
DECA 
4A 
2 
1 
A-l-+A 
• · t t t • 
DECB 
5A 
2 
1 
8-1-+8 
• • t t t • 


Exclusive OR 
EOAA 
B8 
2 
2 
98 
3 
2 
A8 
4 
2 
B8 
4 
3 
A i±:i M->A 
·· t t 
A · 
EOAB 
C8 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
B0 
M->B 
·· t t 
A · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-+M 
• • t t t · 
INCA 
4C 
2 
1 
A+l-+A 
• • ,t 
t t • 
INCB 
5C 
2 
1 
8+1-+8 
• • t t t • 
Load Acmltrs 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M->A 
• • t t 
A • 
LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M->B 
·· t t 
A • 


Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M:M+1-+D 
·• t t 
A • 


Logical Shift, Left 
LSL 
68 
6 
2 
78 
6 
3 
• · t t t t 
LSLA 
48 
2 
1 
• • t t t t 


LSLB 
5B 
2 
1 
·• t t t t 
LSLD 
05 
3 
1 
• • t t t t 


Shift Right, logical 
LSA 
64 
6 
2 
74 
6 
3 
·· 


A t t t 


LSAA 
44 
2 
1 
• · 
A t t t 
LSAB 
54 
2 
1 
·· 
A t t t 
LSAD 
04 
3 
1 
• • 
A t t t 
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Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Implied 
Cond. Code Reg. 


Memory 
Operations 
Mnemonic 
Boolean Expression 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Multiply 
MUL 
3D 
10 
1 
AXB-+D 
• • • • • ~ 


2's Complement 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-+M 
• • ~ ~ ~ ~ 
(Negate) 
NEGA 
40 
2 
1 
OO-A-+A 
• • ~ ~ ~ ~ 


NEGB 
50 
2 
1 
OO-B-+B 
• • ~ ~ ~ ~ 


No Operation 
NOP 
01 
2 
1 
PC+1-+PC 
• • • • • • 
Inclusive OR 
ORAA 
BA 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-+-A 
• • ~ ~ R • 


ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B +M-+B 
• • ~ ~ R • 
Push Data 
PSHA 
36 
3 
1 
A -+- Stack 
• • • • • • 


PSHB 
37 
3 
1 
B -+- Stack 
• • • • • • 
Pull Data 
PULA 
32 
4 
1 
Stack -+- A 
• • • • • • 


PULB 
33 
4 
1 
Stack -+- B 
• • • • • • 
Rotate 
Left 
ROL 
69 
6 
2 
79 
6 
3 
• • ~ ~ ~ ~ 


ROLA 
49 
2 
1 
• • ~ ~ ~ ~ 


ROLB 
59 
2 
1 
• • ~ ~ ~ ~ 


Rotate 
Right 
ROR 
66 
6 
2 
76 
6 
3 
• • ~ ~ ~ ~ 


RORA 
46 
2 
1 
• • ~ ~ ~ ~ 


RORB 
56 
2 
1 
• • ~ ~ ~ ~ 


Subtract 
Acmltr 
SBA 
10 
2 
1 
A-B-+A 
• • ~ ~ ~ ~ 


Subtract 
with Carry 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A -M 
-C-+A 
·• ~ ~ ~ ~ 


SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-+B 
• • ~ ~ ~ ~ 


Store Acmltrs 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-+M 
• • ~ ~ R • 
STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-+M 
• • ~ ~ R • 


STD 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-+-M:M+l 
·· ~ ~ R • 
Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A-M-A 
• • ~ ~ ~ ~ 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B -M-+B 
• • ~ ~ ~ ~ 


Subtract 
Double 
SUBD 
B3 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D-M:M+l-+-0 
· • ~ ~ ~ ~ 


Transfer Acmltr 
TAB 
16 
2 
1 
A -+B 
• • ~ ~ R • 


TBA 
, 7 
2 
1 
B-+A 
· • ~ ~ R • 
Test, Zero or Minus 
TST 
6D 
6 
2 
7D 
6 
3 
M -00 
• • ~ ~ R 
R 


TSTA 
4D 
2 
1 
A - 00 
• • ~ ~ R 
R 


TSTB 
5D 
2 
1 
B - 00 
·• ~ ~ R 
R 
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Direct 
Relative 
Index 
Extend 
Implied 
Condo Code Reg. 


Operations 
Mnemonic 
Branch Test 
5 
4 
3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
• • • • • • 


Branch Never 
BRN 
21 
3 
2 
None 
· • • • • • 
Branch If Carry Clear 
BCC 
24 
3 
2 
CoO 
• • • • • • 


Branch" 
Carry Set 
BCS 
25 
3 
2 
C-1 
• • • • • • 


Branch If • Zero 
BEa 
27 
3 
2 
Z -1 
• • • • • • 


Branch If > Zero 
BGE 
2C 
3 
2 
N0v-0 
··· • • • 


Branch If > Zero 
BGT 
2E 
3 
2 
Z+ 
IN 0 
VI-O 
··• • • • 


Branch If Higher 
BHI 
22 
3 
2 
C+Z-O 
• • • • • • 


Branch If Higher or Same 
BHS 
24 
3 
2 
CoO 
• • • • • • 


Branch If ~ Zero 
BlE 
2F 
3 
2 
Z+ 
IN 0 
VI-1 
• • • • • • 


Branch If Carry Set 
BlO 
25 
3 
2 
C - 1 
• • • • • • 
Branch If Lower Or Same 
BlS 
23 
3 
2 
C + Z-1 
• • • • • • 


Branch If < Zero 
BlT 
20 
3 
2 
N 0 
V-1 
• • • • • • 


Branch If Minus 
BMI 
2B 
3 
2 
N - 1 
• • • • • • 


Branch If Not Equal Zero 
BNE 
26 
3 
2 
N-O 
• • • • • • 


Branch If Overflow Clear 
BVC 
2B 
3 
2 
V-O 
• • • • • • 


Branch If Overflow Set 
BVS 
29 
3 
2 
V- 
1 
• • • • • • 


Branch If Plus 
BPl 
2A 
3 
2 
N-O 
• • • • • • 


Branch To Subroutine 
BSR 
BO 
6 
2 
• • • • ·• 


Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
• • ···• 


Jump To Subroutine 
JSR 
90 
5 
2 
AD 
6 
2 
&0 
6 
3 
• • ·• • • 


No Operation 
NOP 
01 
2 
1 
• • • • • • 


Return From Interrupt 
RTI 
3B 
10 
1 
~ ~ ~ ~ ~ ~ 


Return From Subroutine 
RTS 
39 
5 
1 
• • • • • • 


Software Interrupt 
SWI 
3F 
12 
1 
• 
S • ··• 


Wait For Interrupt 
WAI 
3E 
9 
1 
• • ···• 


Condo Code Reg. 


Operations 
Implied 


3 
2 
1 
0 
Boolean Operation 
5 
4 


Mnemonic 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Clear Carry 
ClC 
OC 
2 
1 
O~C 
· • 
• 
• · 
R 


Clear Interrupt Mask 
CLI 
OE 
2 
1 
0-1 
· 
R · · · · 
Clear Overflow 
ClV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
1 -C 
· · · · · 


S 


Set Interrupt Mask 
SEI 
OF 
2 
1 
1- 
I 
· 
S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
I-V 
· · · · 


S · 
Accumulator A - 
CCR 
TAP 
06 
2 
1 
A- 
CCR 
~ ~ ~ ~ ~ ~ 


CCR - 
Accumulator A 
TPA 
07 
2 
1 
CCR - 
A 
· · · · · · 


lEGEND 
OP Operation Code (Hexadecimal) 
- 
Number of MPU Cycles 


Msp Contents of memory location pointed to by Stack Pointer 


tt 
Number of Program Bytes 
+ 
Arithmetic 
Plus 


- 
Arithmetic 
Minus 


• 
Boolean AND 


X 
Arithmetic 
Multiply 


+ 
Boolean Inclusive OR 


<!> 
Boolean Exclusive OR 


M" 
Complement of M 
Transfer Into 


OBit 
- Zero 


00 Byte" 
Zero 


CONDITION 
CODE SYMBOLS 
H 
Half-carry from bit 3 
I 
Interrupt mask 
N 
Negative (sign bid 
Z 
Zero lbytel 
V 
Overflow, 2's complement 
C 
Carry IBorrow from MSB 
A 
Reset Always 


S 
Set Always 


t 
Affected 


• 
Not Affected 
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AddressingMode 


:J 
-0 
.• 
'" 


-0 
-0 
'" 
'5 
0 


-0 
'" 
.!! 
> 


'" 
c 
x 
.~ 


E 
~ 
~ 
'" 
0. 
.• 
-0 
Qj 
E 
0 
x 
.!: 
E 
UJ 
cr: 


ABA 
• 
• 
• 
• 
2 
• 


ABX 
• 
• 
• 
• 
3 
• 


ADC 
2 
3 
4 
4 
• 
• 


ADD 
2 
3 
4 
4 
• 
• 


ADDD 
4 
5 
6 
6 
• 
• 


AND 
2 
3 
4 
4 
• 
• 


ASl 
• 
• 
6 
6 
• 
• 


ASlD 
• 
• 
• 
• 
3 
• 


ASR 
• 
• 
6 
6 
• 
• 


BCC 
• 
• 
• 
• 
• 
3 


BCS 
• 
• 
• 
• 
• 
3 


BEa 
• 
• 
• 
• 
• 
3 


BGE 
• 
• 
• 
• 
• 
3 


BGT 
• 
• 
• 
• 
• 
3 


BHI 
• 
• 
• 
• 
• 
3 


BHS 
• 
• 
• 
• 
• 
3 


BIT 
2 
3 
4 
4 
• 
• 


BlE 
• 
• 
• 
• 
• 
3 


BlO 
• 
• 
• 
• 
• 
3 


BlS 
• 
• 
• 
• 
• 
3 


BlT 
• 
• 
• 
• 
• 
3 


BMI 
• 
• 
• 
• 
• 
3 


BNE 
• 
• 
• 
• 
• 
3 


BPL 
• 
• 
• 
• 
• 
3 


BRA 
• 
• 
• 
• 
• 
3 


BRN 
• 
• 
• 
• 
• 
3 


BSR 
• 
• 
• 
• 
• 
6 


BVC 
• 
• 
• 
• 
• 
3 


BVS 
• 
• 
• 
• 
• 
3 


CBA 
• 
• 
• 
• 
2 
• 


CLC 
• 
• 
• 
• 
2 
• 


CLI 
• 
• 
• 
• 
2 
• 


CLR 
• 
• 
6 
6 
• 
• 


CLV 
• 
• 
• 
• 
2 
• 


CMP 
2 
3 
4 
4 
• 
• 


COM 
• 
• 
6 
6 
2 
• 


CPX 
4 
5 
6 
6 
• 
• 


DAA 
• 
• 
• 
• 
2 
• 


DEC 
• 
• 
6 
6 
• 
• 


DES 
• 
• 
• 
• 
3 
• 


DEX 
• 
• 
• 
• 
3 
• 


EOR 
2 
3 
4 
4 
• 
• 


INC 
• 
• 
6 
6 
• 
• 


INS 
• 
• 
• 
• 
3 
• 


AddressingMode 


* 


-0 
'" 


-0 
'" 
'5 
~ 
-0 


'" 


-0 
> 


'" 
u 
C 
x 
.!! 
.., 


E 
~ 
~ 
'" 
0. 
.• 


E 
x 
-0 
E 
Qj 
0 
UJ 
C 
cr: 


INX 
• 
• 
• 
• 
3 
• 


JMP 
• 
• 
3 
3 
• 
• 


JSR 
• 
5 
6 
6 
• 
• 


lOA 
2 
3 
4 
4 
• 
• 


LDD 
3 
4 
5 
5 
• 
• 


LOS 
3 
4 
5 
5 
• 
• 


LOX 
3 
4 
5 
5 
• 
• 


LSR 
• 
• 
6 
6 
• 
• 


lSRD 
• 
• 
• 
• 
3 
• 


MUL 
• 
• 
• 
• 
10 
• 


NEG 
• 
• 
6 
6 
• 
• 


NOP 
• 
• 
• 
• 
2 
• 


ORA 
2 
3 
4 
4 
• 
• 


PSH 
• 
• 
• 
• 
• 
• 


PSHX 
• 
• 
• 
• 
4 
• 


PUL 
• 
• 
• 
• 
• 
• 


PULX 
• 
• 
• 
• 
5 
• 


ROL 
• 
• 
6 
6 
• 
• 


ROR 
• 
• 
6 
6 
• 
• 


RTf 
• 
• 
• 
• 
10 
• 


RTS 
• 
• 
• 
• 
5 
• 


SBA 
• 
• 
• 
• 
2 
• 


SBC 
2 
3 
4 
4 
• 
• 


SEC 
• 
• 
• 
• 
2 
• 


SEI 
• 
• 
• 
• 
2 
• 


SEV 
• 
• 
• 
• 
2 
• 


STA 
• 
3 
4 
4 
• 
• 


STD 
• 
4 
5 
5 
• 
• 


STS 
• 
4 
5 
5 
• 
• 


STX 
• 
4 
5 
5 
• 
• 


SUB 
2 
3 
4 
4 
• 
• 


SUBD 
4 
5 
6 
6 
• 
• 


SWI 
• 
• 
• 
• 
12 
• 


TAB 
• 
• 
• 
• 
2 
• 


TAP 
• 
• 
• 
• 
2 
• 


TBA 
• 
• 
• 
• 
2 
• 


TPA 
• 
• 
• 
• 
2 
• 


TST 
• 
• 
6 
6 
• 
• 


TSX 
• 
• 
• 
• 
3 
• 


TXS 
• 
• 
• 
• 
3 
• 


WAI 
• 
• 
• 
• 
9 
• 
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• 
SUMMARY 
OF 
CYCLE 
BY 
CYCLE 
OPERATION 


Table 
14 provides 
a detailed 
description 
of the 
information 


present 
on 
the 
Address 
Bus, 
Data 
Bus, 
and 
the 
Read/Write 
(R/W) 
line during 
each 
cycle 
of each 
instruction. 
The 
information 
is useful 
in comparing 
actual 
with 
expected 


results 
during 
debug 
to 
both 
software 
and 
hardware 
as 
the 
program 
is executed. 
The 
information 
is categorized 
in groups 
according 
to addressing 
mode 
and number 
of cycles 
per instruc- 


tion. 
In 
general, 
instructions 
with 
the 
same 
addressing 
mode 
and 
number 
of cycles 
execute 
in the 
same 
manner. 
Exceptions 


are indicated 
in the table. 


Note 
that 
during 
MeV reads 
of internal 
locations, 
the result- 


ant 
value 
will 
not 
appear 
on 
the 
external 
Data 
Bus except 
in 


Mode 
O. "High 
order" 
byte 
refers 
to the 
most 
significant 
byte 
of a 16-bit 
value. 


ADC 
EOR 
2 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Data 


AND 
ORA 


BIT 
SBC 


CMP 
SUB 


LOS 
3 
1 
Op Code 
Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 


LDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Data 
(Low 
Order 
Byte) 


CPX 
4 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Data 
(High Order 
Byte) 


ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Data 
(Low 
Order 
Byte) 


4 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
3 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 


AND 
ORA 
3 
Address 
of Operand 
1 
Operand 
Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Destination 
Address 


3 
Destination 
Address 
0 
Data from 
Accumulator 


LOS 
4 
1 
Op Code 
Address 
, 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 


LDD 
3 
Address 
of Operand 
1 
Operand 
Oata 
(High Order 
Byte) 


4 
Operand 
Address 
+ 1 
1 
Operand 
Oata 
(Low 
Order 
Byte) 


STS' 
4 
1 
Op Code 
Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 


STD 
3 
Address 
of Operand 
0 
Register 
Data 
(High Order 
Byte) 


4 
Address 
of Operand 
+ 1 
0 
Register 
Data 
(Low 
Order 
Byte) 


CPX 
5 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 


ADDD 
3 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


4 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


JSR 
5 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Date 


3 
Subroutine 
Address 
1 
First 
Subroutine 
Op Code 


4 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


5 
Stack 
Pointer 
+ 1 
0 
Return 
Address 
(High Order 
Byte) 
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JMP 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Jump 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


AND ORA 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Destination 
Address 
(High Order 
Byte) 


3 
Op Code 
Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from 
Accumulator 


LOS 
5 
1 
Op Code Address 
1 
Op Code 


LOX 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


LDD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code 
Address 
1 
Op Code 


STX 
2 
Op Code Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


STD 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Address 
of Operand 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code 
Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Byte) 


CLR 
ROL 
3 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


COM 
ROR 
4 
Address 
of Operand 
1 
Current 
Operand 
Data 


DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


INC 
6 
Address 
of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code 
Address 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Operand 
Address 
(High Order 
Byte I 


ADDD 
3 
Op Code 
Address 
+ 2 
1 
Operand 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Address 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Operand 
Address 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Address 
of Subroutine 
(High Order 
By tel 


3 
Op Code 
Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
Subroutine 
Starting 
Address 
1 
Op Code of Next 
Instruction 
5 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 


• In the TST instruction, the line condition of the sixth cycle does the following: 
R/iN = "High", AS 
== FFFF. 
DB '" Low Byte of Reset Vector. 


(Continued) 
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JMP 
3 
1 
Op Code Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LDA 
2 
Op Code 
Address 
+ 1 
1 
Offset 


AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LDS 
5 
1 
Op Code 
Address 
1 
Op Code 


LDX 
2 
Op Code 
Address 
+ 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
Plus Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Op Code 
Address 
1 
Op Code 


STX 
2 
Op Code 
Address 
+ 1 
1 
Offset 


STD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
~Ius Offset 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Op Code 
Address 
1 
Op Code 


ASR 
NEG 
2 
Op Code 
Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current 
Operand 
Data 
DEC 
TST· 
5 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


INC 
6 
Index 
Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Op Code 
Add ress 
1 
Op Code 


SUBD 
2 
Op Code 
Address 
+ 1 
1 
Offset 


ADDD 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
Operand 
Data 
(High Order 
Byte) 


5 
Index 
Register 
+ Offset 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


JSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Offset 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


4 
Index 
Register 
+ Offset 
1 
First 
Subroutine 
Op Code 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
(High Order 
Byte) 


• In the TST instruction, the line condition of the sixth cycle does the following: A/IN = "High", AB :: FFFF. DB :: Low Byte of Reset Vector. 


(Continued) 
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ABA 
DAA 
SEC 
2 
1 
Op Code 
Address 
1 
Op Code 


ASL 
DEC 
SEI 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
Cli 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM SBA 


ABX 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


ASLD 
3 
1 
Op Code 
Address 
1 
Op Code 
LSRD 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


DES 
3 
1 
Op Code 
Address 
1 
Op Code 


INS 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 


3 
Previous 
Register 
Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Op Code 
Address 
1 
Op Code 


DEX 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 


3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


PSHA 
3 
1 
Op Code 
Address 
1 
Op Code 


PSHB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Stack 
Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


PULA 
4 
1 
Op Code 
Address 
1 
Op Code 


PULB 
2 
Op Code 
Address 
+ 1 
1 
Op Code of Next 
Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Operand 
Data from 
Stack 


PSHX 
4 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
0 
Index 
Register 
(Low 
Order 
Byte) 


4 
Stack 
Pointer 
+ 1 
0 
Index 
Register 
(High Order 
Byte) 


PULX 
5 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer· 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Index 
Register 
(High Order 
Byte) 


5 
Stack 
Pointer 
+2 
1 
Index 
Register 
(Low 
Order 
Byte) 
RTS 
5 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Address 
of Next 
Instruction 


(High Order 
Byte) 


5 
Stack 
Pointer 
+ 2 
1 
Address 
of Next 
Instruction 


(Low Order 
Byte) 
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Address 
Mode & 
Cycles 
Cycle 
Address 
Bus 
RIW 
Data 
Bus 
Instruction 
# 
Line 


WAI •• 
9 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


5 
Stack 
Pointer 
- 
2 
0 
Index 
Register 
(Low Order 
Byte) 


6 
Stack 
Pointer 
- 3 
0 
Index 
Register 
(High Order 
Byte) 


7 
StaLk Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer 
- 
5 
0 
Contents 
of Accumulator 
B 


9 
Stack 
Pointer 
- 
6 
0 
Contents 
of Condo Code 
Register 


MUL 
10 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


4 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


5 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


6 
Address 
Bus FF F F 
1 
Low Byte of Restart 
Vector 


7 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


8 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 


9 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 


RTI 
10 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer 
+ 1 
1 
Contents 
of Condo Code 
Reg. 


from 
Stack 


5 
Stack 
Pointer 
+ 2 
1 
Contents 
of Accumulator 
B 


from 
Stack 


6 
Stack 
Pointer 
+ 3 
1 
Contents 
of Accumulator 
A 


from 
Stack 


7 
Stack 
Pointer 
+ 4 
1 
Index 
Register 
from 
Stack 


(High Order 
Byte) 


8 
Stack 
Pointer 
+ 5 
1 
Index 
Register 
from 
Stack 


(Low Order 
Byte) 


9 
Stack 
Pointer 
+ 6 
1 
Next 
Instruction 
Address 
from 


Stack 
(High Order 
Byte) 


10 
Stack 
Pointer 
+ 7 
1 
Next 
Instruction 
Address 
from 


Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


4 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


5 
Stack 
Pointer 
- 
2 
0 
Index 
Register 
(L'ow Order 
Byte) 


6 
Stack 
Pointer 
- 
3 
0 
Index 
Register 
(High Order 
Byte) 


7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer 
- 
5 
0 
Contents 
of Accumulator 
B 


9 
Stack 
Pointer 
- 6 
0 
Contents 
of Condo Code 
Register 


10 
Stack 
Pointer 
- 
7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
(Hex) 
1 
Address 
of Subroutine 


(High Order 
Byte) 


12 
Vector 
Address 
FFFB 
(Hex) 
1 
Address 
of Subroutine 


(Low Order 
Byte) 


•• 
While 
the MCU is in the 'Wait" state, 
its bus state 
will appear 
8S a series of the MCU reads of an address 
which 
is seven 
locations 
less than the original contents of the Stack Pointer. 
Contrarv 
to the HD6800. 
none of the ports are driven to the high impedance 
state by a WAI 
instruction. 
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BCC BHT BNE 
3 
1 
Op Code 
Address 
1 
Op Code 
BCS BLE BPL 
2 
Op Code 
Address 
+ 1 
1 
Branch 
Offset 
BEQ 
BLS BRA 
BRN 
3 
Address 
Bus F F F F 
1 
Low Byte of Restart 
Vector 
BGE 
BLT 
BVC 


BGT 
BMT BVS 


BSR 
6 
1 
Op Code 
Address 
1 
Op Code 
2 
Op Code 
Address 
+ 1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart 
Vector 
4 
Subroutine 
Starting 
Address 
1 
Op Code 
of Next 
Instruction 


5 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


• 
SUMMARY 
OF 
UNDEFINED 
INSTRUCTIONS 
OPERA· 
TlON 
The 
MeU 
has 
36 
undefined 
instructions. 
When 
these 
arc 


carried 
out, 
the 
contents 
of 
Register 
and 
Memory 
in MCU 


change 
at random. 


When 
the 
op 
codes 
(4E, 5E) are used 
to execute, 
the MCU 


continues 
to 
increase 
the 
program 
counter 
and 
it will not 
stop 


until 
the 
Reset 
signal enters. 
These 
op codes 
are used to test the 


LSI. 


H068POl 
MICROCOMPUTER 
INSTRUCTIONS 


OP 
ACC 
ACC 
ACCA or SP 
ACC8 or X 
CODE 
A 
B 
INO 
EXT 
IMM 
I OIR 
I INO 
I EXT 
IMM 
I OIR 
I INO 
I EXT 


~ 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
11001 
11010 
11011 
1100 
11101 
11110 
11111 


LO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
I 
9 
I 
A 
I 
8 
C 
1 o 
I 
E 
I 
F 


0000 
0 ---- 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
1 
NOP 
CBA 
BRN 
INS 
CMP 
1 


0010 
2 ---- 
/ 
BHI 
PULA 
1+1I -- 


SBC 
2 


0011 
3 
..----- 
..-/ 
BLS 
PULB 
(+11 
COM 
, 
SUBO 1+21 
1 · 
: 
AOOO 
1+21 
3 


0100 
4 
LSRO (+11 / 
BCC 
DES 
LSR 
AND 
4 


0101 
5 
ASLO 
1+11 ..-/ 
BCS 
TXS 
BIT 
5 


0110 
6 
TAP 
TAB 
8NE 
PSHA 
ROR 
LOA 
6 


0111 
7 
TPA 
TBA 
BED 
PSHB 
ASR 
............-1 
STA 
1.........•.•.... 1 
STA 
7 


1000 
8 
INX 
1+11 
..-/ 
BVC 
PULX 
1+2) 
ASL 
EOR 
8 


1001 
9 
OEX 1+11 
OAA 
BVS 
RTS (+21 
ROL 
AOC 
9 


1010 
A 
CLV 
..-/ 
BPL 
ABX 
OEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
RTI 
1+71 
ADD 
B 


1100 
C 
CLC 
..,../ 


8GE 
PSHX 1+1) 
INC 
. 
, 
CPX (+21 
· 
LOO (+11 
C 


1101 
0 
SEC / 
8LT 
MUL 
1+7) 
TST 
BSR I 
JSR 1+2) 
• 1+1>1 
STO 1+1) 
0 
1+4) 


1110 
E 
CLI 
..-/ 
BGT 
WAII+61 
_ 
•• - 
"I 
JMP 1-31 
, 
LOS (+11 
· 
LOX 
1+11 
E 
, 


1111 
F 
SEI 
/ 
BLE 
SWI (+91 
CLR 
• (+1 f 
1 
STS 1+11 
• (+11 
1 
STX (+11 
F 


BYTE/CYCLE 
1/2 
1/2 
2/3 
1/3 
1/2 
1/2 
I 2/6 
1 3/6 
2/2 
1 2/3 
I 
2/4 
1 3/4 
2/2 
1 2/3 
1 2/4 
1 3/4 


(NOTES) 
1. 
Undefined Op codes are marked with ~. 
2. 
( 
) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
3. 
The instructions shown below are all 3 bytes and are marked with ..•... 
Immediate addressingmode of SUBD. CPX. LOS. AD DO. LOO and LOX instructions, and undefined op codes 
18F. CD. CFI. 


4. 
The Op codes (4E. 5E) are 1 by te/- cycles instructions, and are marked with ..••... 
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• 
PRECAUTIONS WHEN EMULATING 
THE HD6801 
FAMILY 


The HD68POI series has 8k-byte EPROM space internally in 


location SEOOOto SFFFF. 
Note the following when emulating 


the 
HD6801S0 
(2k-byte 
ROM on<hip) 
and the HD680IVO 


(4k-byte ROM on-chip) with the HD68POI series. 


I) Mode 0, 1,6 
Table 16 shows the address which may be used for the inter- 


nal ROM space. 


HD6801SO 


HD6801VO 


Table 16 


$F800 to $FFFF (2k bytes) 
$FOOOto $FFFF (4k bytes) 


Mode 0, I and 6 are expanded modes. 
When emulating the 


HD6801S0 
and the HD680lVO, 
the addresses $hown in Table 


17 should not be used externally because they are the internal 
space in the EPROM on the package type. (See Fig.'26) 


HD6801S0 


HD680lVO 


Table 17 


$EOOOto $F7FF (6k bytes) 


$EOOOto $EFFF (4k bytes) 


(Example) 


I ROM On-chip Type I 


(Note 1) 
In Table 16, the following 
addresses are external 
like the ROM 


on"hip 
type: 


$FFFO to $FFFF 
in Mode 1 


$FFFE 
and $FFFF 
(reset vector) 
just after 
releasing reset in 


Mode 0 
(Note 2) 
In Mode 0, data will 
not 
appear at Port 3 if accessing the 
EPROM addresses. It is different 
from the ROM on-chip type. 


2) Mode 5, 7 
Table 
18 shows the addresses which may be used for the 


internal ROM space without any limitations. 


HD6801S0 


HD6801VO 


Table 18 


$F800 to $FFFF 
(2k bytes) 


$FOOOto $FFFF 
(4k bytes) 


3) Mode 2,3,4 
In these modes, the internal ROM is disable. The EPROM 
on the package type may be used equivalently as the ROM on- 
chip type. 


} 


loternal 
Addresses 
Corresponding 
to the 


ROM On"hip 
Type 


$FFFF 


Figure 26 
Memory Map Example when Emulating the HD6801S0 
with the HD68P01 MOand the 4k ·8yte EPROM 


Figure 26 shows an address map example when emulating the 


HD6801SO with the HD68POIMO and the 4k-byte EPROM in 
mode 0, 1 and 6. 
In the emulation 
of expanded 
modes, the 


addresses for memories and peripherals may be used externally 
in space A, but not in space Band 
C which are internal ad- 


dresses in the EPROM on the package type. 


Figure 27 and 28 show the memory maps when emulating 


the HD6801S0 and HD680IVO with the EPROM on the pack- 
age type and the EPROM. 
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MCU 
EPROM 
Address 
Address 


$EtO~ 


r--·---, 
} 
: 
(9:. 
; 


L 
4 
Unusable 


1"""'.""""'.'1 
Address 
~!L 


I 
I 
I 
I 
I 
I 
I 


$FOOO' 


HD68P01V07/·1 


HN482732A 


External 
Address 


MCU 
EPROM 
Address 
Address 
$ELJ~l 
I 
I 
I 
I 
I 


®: I 
I 
I 
I 
I 
I 


r--·--·~ } 
; 
<Ill 
: 
l._._-.J 
Unusable 


1,".".:,.',':" ..'."""1 
Address 
" 
<Cl ! ~, 


MCU 
EPROM 
Address 
Address 
$ELJ~J 
,,, 
I 
I:® 
I 


MCU 
Address 
t 
® 


$EOO 


EPROM 
Address 
! 


$7FF 
$800 


MCU 
Address 
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• 
PRECAUTION 
TO USE 
EPROM 
ON THE PACKAGE 
8-BIT 


SINGLE-eHIP 
MICROCOMPUTER 


As this 
microcomputer 
takes 
a special 
packaging 
type 
with 


pin sockets 
on its surface, 
pay attention 
to the followings; 
(J) 
Do 
not 
apply 
higher 
electro-static 
voltage 
or serge voltage 


etc. 
than 
maximum 
rating, 
or 
it 
may 
cause 
permanent 


damage 
to the device. 
(2) 
There 
are 
28 
pin 
sockets 
on 
its surface. 
When 
using 
32k 


''\ 


r····"····-- 
.... 
:~ 
I 
~: 
\;---1----0' 
D~ 


o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 


Let the index-side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 


EPROM 
(24 pins), 
let the index-side 
four pins open. 


(3) 
When 
assembling 
this 
151 into 
user's 
system 
products 
as 
well 
as the 
mask 
ROM 
type 
8-bit 
single-chip 
microcompu- 


ter, 
pay attention 
to the followings 
to keep the good 
ohmic 


contact 
between 
EPROM 
pins and pin sockets. 
(a), 
When soldering 
on a printed 
circuit 
board, 
etc., 
keep 
its 


condition 
under 
250°C 
within 
10 seconds. 
Over-time/ 
temperature 
may 
cause 
the 
booding 
solder 
'of 
socket 


pins to meet 
and the sockets 
may drop. 


(h) 
Keep 
out 
detergent 
or 
coater 
from 
the 
pin sockets 
at 


aft-solder 
flux 
removal 
or 
board 
coating. 
The 
flux 
or 


coater 
may make 
pin socket 
contactivity 
worse. 


(c) 
Avoid 
the 
permanent 
use of 
this 
LSI 
under 
the ever- 
vibratory 
place and system. 
(d) 
Repeating 
insertion/removal 
of 
EPROMs 
may damage 


the 
contactivity 
of the pin sockets, 
so it is recommend- 


ed to assemble 
new ones to your 
system 
products. 
(4) 
In 
order 
to perform 
the 
normal 
operation 
at 
1.25 MHz, 
it 


is recommended 
to 
use 
the 
EPROM 
whose 
access 
time 
is 
less than 
300 ns. 


• 
PRECAUTION 
FOR 
HD68PO' 
FAMI LY 


SCI, 
TIMER 
STATUS 
FLAGS 


The 
flags 
shown 
in Table 
19 are cleared 
by read/write 
(flag 


reset 
condition 
2) the 
data 
register 
corresponding 
to each 
flag 


after 
reading 
the 
status 
register 
(flag 
reset 
condition 
I). 
To 


clear 
the flag correctly, 
take 
the following 
procedure: 
I. Read 
the status 
register 


2. Test the flag 
3. Read/Write 
the data 
register 


Status 
Flag Reset 
Flag Reset Condition 
2 
Flag 
Condition' 
(Data 
Register) 
(Status 
Register) 


ICF 
When each flag is 
ICR/Read 
~ 
TIMER 
OCF 
"'" 


OCR/Write 
-TOF 
TRCSR/Read 
TC/Read 


RDRF 
When each flag 
is 
RDR/ 
- 
SCI 
ORFE 
"," 
Read 
-TORE 
TRCSR/Read 
TOR/Write 
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HD68P05V07,HD68P05MO-- 
MCU(Microcomputer 
Unit) 


The 
HD68P05 
is the 8-bit Microcomputer 
Unit (MCU) 
which 


contains 
a CPU, on-chip 
clock, 
RAM, I/O and timer. 
It is design- 
ed 
for 
the 
user 
who 
needs 
an economical 
microcomputer 
with 


the 
proven 
capabilities 
of 
the 
HD6800-based 
instruction 
seL 


Setting 
EPROM 
on 
the 
package, 
this 
MCU 
has 
the equivalent 


function 
as the 
HD6805U 
and 
HD6805Y. 


• HARDWARE 
FEATURES 
• 
8-Bit Architecture 


• 
96 Bytes 
of RAM 


• 
Memory 
Mapped 
I/O 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 
• 
Vectored 
Interrupts 
- 
External. 
Timer 
and Software 


• 
24 I/O Ports 
+ 8 Input 
Port 


(8 Lines Directly 
Drive LEDs; 7 Bits Comparator 
Inputs) 
• 
On-Chip 
Clock 
Circuit 


• 
Master 
Reset 


• 
Easy for System 
Development 
and debugging 
• 
5 Vdc Single Supply 


• SOFTWARE 
FEATURES 
• 
Similar 
to HD6800 


• 
Byte Efficient 
Instruction 
Set 
• 
Easy to Program 


• 
True 8it Manipulation 


• 
Bit Test and Branch 
Instructions 
• 
Versatile 
Interrupt 
Function 
• 
Powerful 
Indexed 
Addressing 
for Tables 
• 
Full Set of Conditional 
Branches 
• 
Memory 
Usable 
as Registers/Flags 
• 
Single 
Instruction 
Memory 
Examine/Change 
• 
10 Powerful 
Addressing 
Modes 


• 
All Addressing 
Modes Apply 
to ROM, RAM and I/O 


• 
Compatible 
Instruction 
Set with 
HD6805 


Type 
No. 
Bus Timing 
EPROM 
Type 
No. 


HD68P05V07 
1 MHz 
HN4B2732A-30 


HD6BP05MO 
1 MHz 
HN4B2764-3 


HD68P05V07 


HD6BP05MO 
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Accumuloltor 


Port A 
8 
A 


I/O 
Lines 
Index 
Register 


X 


Condition 


Port A 
Data 
Code 
Register 
cc 
CPU 
Reg 
Oir 
Reg 
Stack 
Pointer 


SP 


Program 
Counter 
"High" 
PCH 


Program 
Counter 
"Low" 
PCL 


Data 
Input 
Buff., 


EPROM 


[HN482732AJ 
HN482764 


I 


I 
' 


I 
' 
________________ 
I 


I, 


Address 
Output 
Lines 
I 
:~~~I 
ADR, 
ADR) 
ADR. 
ADR.::~:'I 
'I 


1 
I 


Address 
Output 
Lines 
I 


ADR, 
ADR,. 
:~::~. 
rr',, 


Data 
Port 8 


Dir 
Reg 
Reg 


Data 
Port C 


Oir 
Reg 
Reg 
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Address 
Output 
Buffer 


Address 
Output 
Buffer 


_-0, 


0, 
0, 
0, 
D. 
.--0, 


0, 
O~NTH 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee' 
-0.3-+7.0 
V 


Input Voltage IEXCEPT 
TIMER) 
. 
-0.3-+7.0 
V 


Input Voltage (TIMER) 


Vin 
-0.3 - 
+12.0 
V 


Operating Temperature 
Top' 
o -+70 
°c 


Storage Temperature 
Tstg 
- 55 - 
+150 
°c 


• 
With respect to Vss 
(SYSTEM 
GNO) 


(NOTE) 
Permanent LSI damage may occur If maxImum 
ratIng" 
are exceeded. Normal operation should be under 


recommended operating conditions. If these conditions are exceeded. It could affect reliability of LSI. 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(VCC=5.25V ± 0.5V, VSS=GND, Ta=0-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vee 
V 


Input "High" 
Voltage 
INT 
VIH 
3.0 
- 
Vee 
V 


All Other 
2.0 
- 
Vee 
V 


RES 
-0.3 
- 
0.8 
V 


INT 
-0.3 
- 
0.8 
V 
Input "Low" 
Voltage 


XTAL 
(Crystal Mode) 
VIL 
-0.3 
0.6 
V 
- 


All Other 
-0.3 
- 
0.8 
V 


Power Dissipation 
Po 
- 
- 
700 
mW 


Low Voltage Recover 
LVR 
- 
- 
4.75 
V 


TIMER 
-20 
- 
20 
/lA 


Input Leak Current 
INT 
IlL 
V,n=O.4V-Vee 
-50 
- 
50 
/lA 


XTAL 
(Crystal Mode) 
-1200 
- 
0 
/lA 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock Frequency 
fel 
0.4 
- 
4.0 
MHz 


Cycle Time 
teye 
1.0 
- 
10 
/lS 


INT Pulse Width 
tlWL 
tcvc + 
- 
- 
ns 
250 


RES Pulse Width 
tRWl 
tCYC + 
- 
- 
ns 
250 


TIMER Pulse Width 
tTWL 
lcyc + 
- 
- 
ns 
250 


Oscillation Start·up Time ICrystal Mode) 
tose 


CL =22pF±20%, 
- 
- 
100 
ms 
Rs=6011 max. 


Delay Time Reset 
tAHL 
External Cap. = 2.2 /IF 
100 
- 
- 
ms 


Input Capacitance 
I 
EXTAL 
- 
- 
35 
pF 


I 


C,n 
V,n=OV 
All Other 
- 
- 
10 
pF 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH - -101lA 
3.5 
- 
- 
V 
Port A 
IOH = -1001lA 
2.4 
- 
- 
V 


Output "High" Voltage 
VOH 
IOH = -2OOIlA 
2.4 
- 
- 
V 
Port B 
V 
IOH = -1 mA 
1.5 
- 
- 


Port C 
IOH = -loollA 
2.4 
- 
- 
V 


Port A and C 
~_=1.6mA 
- 
- 
0.4 
V 


Output "Low" Voltage 
VOL 
-.!9..L".: 3.2 mA 
- 
- 
0.4 
V 
Port B 
IOL = 10mA 
- 
- 
1.0 
V 


Input "High" Voltage 
Port A, B, C, 
VIH 
2.0 
- 
Vcc 
V 


Input "Low" Voltage 
and D' 
VIL 
-0.3 
- 
O.B 
V 


Vin = O.BV 
-500 
- 
- 
IlA 


Port A 
Input Leak Current 
IlL 
Vjn = 2V 
-300 
- 
- 
IlA 


Port B, C, 
Vin = 0.4V - Vcc 
- 
20 
- 
20 
IlA 
and D 


Input "High" Voltage 
Port D" 
V1H 
- 
VTH+0.2 
- 
V 
(Do - 
D6) 


Input "Low" Voltage 
Port D" 
VIL 
- 
VTwO.2 
- 
V 
(Dn - 
D.) 
Threshold Voltage 
Port D"(D7) 
VTH 
0 
- 
O.axvcc 
V 
• Port D as digital input 


•• Port D as analog input 


Vcc 


1.2kn 


• 
SIGNAL DESCRIPTION 
The input 
and output 
signals for the MCU, shown in PIN 


ARRANGEMENT, are described in the following paragraphs. 


• 
Vcc and Vss 
Power is supplied 
to the MCU using these two pins. Vcc 
is +~.:~5V ±O.5V. Vss is the ground connection. 


• 
INT 
This pin provides the capability for asynchronously applying 


an external 
interrupt 
to the MCU. Refer to INTERRUPTS 


for additional information. 
• 
XTAL and EXTAL 
These pins provide connections for the on-chip clock circuit. 


A crystal (AT cut, 4 MHz maximum) can be connected to these 
pins to provide a system clock with various stability. Refer to 
INTERNAL 
OSCILLATOR for recommendations 
about these 
~HITACHI 
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• 
TIMER 
This pin allows an external input to be used to decrement 
the 
internal 
timer circuitry. 
Refer to TIMER for additional 
information ~bout the timer circuitry. 


• 
RES 
This pin allows resetting 
of the MCU. Refer to RESETS 
for additional information. 


• 
NUM 
This pin is not for user application 
and should be connected 


to VSS. 


• 
InpUt/Output 
Lines (Ao - A" Bo - B" Co - C,) 


These 24 lines are arranged into three S-bit ports (A, Band 
C)_ All lines are programmable as either inputs or outputs under 
software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 


• 
Input Lines (Do - 0,) 
These are S-bit input lines, which has two functions. Firstly. 


these are TIL 
compatible 
inputs, in location $003. The other 


func.tion of them is 7 bits comparator in location $007. Refer to 
INPUT for more detail. 


• 
REGISTERS 
The MCU has five registers available to the programmer. 


T.hey are shown in Figure 2 and are explained in the following 
parllllJ'llphs. 


o 


===============1 
Index 
Register 
o 
I 
Program 
Counter 


oI Stack Pointer 


11 
I 
PC 


11 
5 4 
10101010101, 
1,1 


~ 


l 
N 
Z 
C 
Condition 
Code 
Register 


Carry/Borrow 


Zlro 


NIlJlllive 


Interrupt 
Malk 


Halt Carry 


Figure 2 
Programming Model 


• 
Accumulator 
(A) 
The accumulator 
is a general purpose 8-bit register us"d to 


hold operands 
and results of arithmetic 
calculations 
or data 


manipulations. 
• 
Index Register (X) 
The index register is an S-bit register used for the indexed 


addIessing mode. It contains an S-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used 
for limited 
calculations 
and data 


manipulations when using read/modify/write 
instructions. When 


not required 
by a code sequence being executed, 
the index 


register can be used as a temporary storage area. 
• 
Program Counter (PC) 
The program counter 
is a 13-bit register that contains the 
address of the next instruction to be executed. 


4>1(Internal) 


TeR bit 5 


• 
Stack Pointer (SP) 
The stack pointer is a 13-bit register that contains the address 


of the next free location on the stack. Initially, the stack point- 
er is set to location $007F and is decremented as data is being 
pushed onto the stack and incremented 
as data is being pulled 


from the stack. The six most significant bits of the stack pointer 
are permanently 
set to 00000011. During an MCU reset or the 


reset stack pointer (RSP) instruction, 
the stack pointer is set 


to location 
$007F _Subroutines and interrupts 
may be nested 


down to location $0061 which allows the programmer to use up 
to 15 levels of subroutine callS: 
• 
Condition Code Register (CC) 
The condition 
code register is a S-bit register in which each 


bit is used to indicate or nag the results of the instruction just 
executed. 
These bits can be individually tested by a program 


and specific action taken as a result of their state. Each indi- 
vidual condition 
code register bit is explained in the following 


paragraphs. 
Half Carry (HI 
Used during 
arithmetic 
operations 
(ADD 
and 
AOC) to 


indicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 
This bit is set to mask the timer and external interrupt (00). 


If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 
Used to indicate that the result of the last arithmetic,logical 


or data manipulation 
was negative (bit 7 in result equal to a 


logical one). 
Zero (Z) 
Used to indicate that the result of the last arithmetic, logical 


or data manipulation was zero. 
Carry/Borrow IC) 
Used to indicate that a carry or borrow out of the arithmetic 


logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts. and rotates. 


• 
TIMER 
The MCU timer circuitry 
is shown in Figure 3. The S-bit 


counter, 
the Timer Data Register (TOR), is loaded under pro- 


gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The MCU responds to this interrpt 
by saving the present 


CPU state on tlie stack, fetching the timer interrupt vector from 
locations $OFFS and $OFF9 and executing the interrupt 
rou- 


tine. The timer interrupt 
can be masked by setting the timer 


) 
Prescaler 
Address 
Bits 


Timer Interrupt Req. 


Timer Interrupt Mask 
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interrupt 
mask 
bit (bit 6) in the TCR. 
The interrupt 
bit (I bit) 
in 


the 
Condition 
Code 
Register 
also 
prevents 
a timer 
interrupt 


from 
being 
processed. 


The 
clock 
input 
to the 
timer 
can be from 
an external 
source 


applied 
to 
the 
TIMER 
input 
pin 
or 
it can 
be the 
internal 
'i>2 


signal. 
When 
the 'in signal 
is used 
as the 
source, 
it can be gated 


by 
an 
input 
applied 
to 
the 
TIMER 
input 
pin 
allowing 
the 


user 
to easily 
perform 
pulse-width 
measurements. 
A prescaJer 


option 
can be applied 
to the clock 
input 
that 
extends 
the timing 


interval 
up 
to 
a maximum 
of 
128 counts 
before 
decrementing 


the 
counter 
(TOR). 
The 
timer 
continues 
to count 
past 
zero, 
falling 
through 
to 
SFF 
from 
zero 
and 
then 
continuing 
the 


count. 
Thus, 
the 
counter 
(TOR) 
can 
be 
read 
at any 
time 
by 
reading 
the TOR. 
This allows 
a program 
to determine 
the length 


of 
time 
since 
a time 
interrupt 
has 
occurred 
and 
not 
disturb 


the counting 
process. 
The 
TOR 
is 8-bit 
read/write 
register 
in location 
S008. 
At 


power-up 
or reset, 
the TOR 
and 
the prescaler 
are initialize 
with 


all logical 
ones. 
The 
timer 
interrupt 
request 
bit (bit 
7 of the TCR) 
is set by 


hardware 
when 
timer 
count 
reaches 
zero, 
and is cleared 
by pro- 


gram 
or by hardware 
reset. 
The bit 
6 of the TCR is writable 
by 


program. 
Both 
of those 
bits can be read by MPU. 


The 
bit 5 and bit 4 of the 
TCR 
select 
a clock 
input 
source. 
The 
selections 
are shown 
in Table 
I. Bit 3 is not used. 
Bit 2, bit 
I and bit 0 are used 
to select 
the prescaler 
dividing 
ratio, 
shown 


in Table 
2. At reset, 
an internal 
clock 
by the TIMER 
input 
pin 


is selected 
as clock 
source 
and 
"-;- I mode" 
is selected 
as the 


prescaler 
dividing 
ratio. 


(NOTE) 
If the 
MCU 
Timer 
is not 
used, 
the TIMER 
input 
pin 


must 
be grounded. 


Timer 
Control 
Clock 
Input 
Source 
Register 
(TCR) 


Bit 5 
Bit 4 


a 
a 


a 
, 
¢,Controlled 
by TIMER Input \Notel 
, 
a 


1 
1 
Event 
Input 
from 
TIME R 


(NOTE) 1. 0.0 and 1.0 are not usable in mask option of 6805 


2. The TIMER 
input 
pin must 
be tied to VCC. for 


uncontrolled 
<Pl clock. 


Timer 
Control 
Prescaler 
Dividing 
Ratio 
Register 
(TC R) 


Bit 2 
Bit 1 
Bit 0 


a 
a 
a 
Prescaler 
-;- , 


a 
a 
1 
Prescaler 
-;-2 


a 
1 
a 
Prescaler 
~ 4 


a 
1 
, 
Prescaler 
-;-8 


1 
a 
a 
Prescaler 
-;-'6 
, 
a 
, 
Prescaler 
~ 32 
, 
1 
a 
Prescaler 
~ 64 
, 
1 
, 
Prescaler 
~ 128 


• 
RESETS 
The 
MCU 
can 
be 
reset 
two 
ways; 
by 
initial 
power-up 
and 


by 
the 
external 
reset 
input 
(RES), 
see 
Figure 
4. 
All 
the 
I/O 
ports 
are 
initialized 
to 
input 
mode 
(OORs 
are cleared) 
during 


reset. 


Ouring 
power-up, 
a minimum 
100 
milliseconds 
is needed 
before 
allowing 
the RES 
input 
to go "High". 


This 
time 
allows 
the 
internal 
crystal 
oscillator 
to 
stabilize. 


Connecting 
a capacitor 
to 
the 
RES 
inpu t, as shown 
in Figure 


5, typically 
provides 
su fficient 
delay. 


Internal 
Reset 


Figure 
4 
Power 
and RES Timing 


2 


RES 
22 ••F 
T~ 


Part of 
HD68P05 
MCU 


• 
INTERNAL 
OSCILLATOR 


The 
internal 
oscillator 
circuit 
is designed 
to require 
a mini- 
mum 
of 
external 
components. 
The 
use 
of 
a crystal 
(AT 
cut, 


4 MHz 
max) 
is sufficient 
to 
drive 
the 
internal 
oscillator 
with 
various 
stability: 
The 
different 
connection 
methods 
are shown 
in Figure 
6. Crystal 
specifications 
are given in Figure 
7. 


6 
XTAL 


4 MHz 
c::J 
HD68P05 
ma. 
5 EXTAL 


MCU 


22PF'20%T 


Crystal 


6 
XTAL 


External 
5 EXTAL 
HD68P05 
Clock 
MCU 


Input 
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XTAL~~EXTAL 


6 
~W 
5 


AT - 
Cut Parallel 
Hesonance 
Crystal 


en:; 
7 pF max. 


I: 
4 MHz 


Rs'" 
6012 max. 


• 
INTERRUPTS 
The MCU can be interrupted 
three different ways: through 


the external interrupt 
(INT) input pin, the internal timer inter· 


rupt request, and a software interrupt 
instruction 
(SWI). When 


any interrupt 
occurs, processing is suspended, the present CPU 


state is pushed onto the stack in the order shown in Fig. 8, the 
interrupt 
bit (I) in the Condition Code Register is set, the ad· 
dress of the interrupt 
routine is obtained 
from the appropriate 


interrupt 
vector address, and the interrupt 
routine is executed. 
Since the stack pointer decrements during pushes, the low order 
byte 
(PCL) of the program counter 
is stacked first; then the 
high order five bits (pCH) are stacked. This ensures that the pro· 
gram counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will canse 
only the pr<;>gramcounter 
(pCH, PCL) contents 
to be pushed 


1 -. 
7F _sP 
O ...• ODR's 
CLR iN'f 
logIC 
FF -TOA 
7F ....•P,...uler 
50 ...•TeR 


onto the stack. This interrupt bit (I) in the condition code regis· 
ter is set, the address of the interrupt 
routine is obtained from 


the appropriate interrupt 
vector address, and the interrupt rou· 


tine is executed. 
Stacking the CPU registers, setting the I bit, 


and vector 
fetching requires 
II 
cycles. The interrupt 
service 


routines normally end with a return 
from interrupt 
(RT!) in- 
struction 
which allows the MCU to resume processing of the 


program prior to the interrupt. 
Table 3 provides a listing of the 


interrupts, their priority, and the vector address that contain the 
starting address of the appropriate interrupt routine. 


A flowchart of the interrupt 
processing sequence is given in 


Fig. 9. 


1 
1 
1) 
ConditiOn 
Code Register 


Accumu 
lator 


Index 
Register 


1 
1 
1 
11 
PCW 


PCV 


Push 


• For subroutme 
calls. only 
PCH and pel are Slacked. 


Figure 8 
Interrupt Stacking Order 


Table 3 
Interrupt Priorities 


RES 


SWI 


INT 


TIMER 


HD68P05V07 


$OFFE. $OFFF 


$OFFC. $OFFD 


$OFFA. $OFF8 


$OFF8. $OFF9 


HD68P05MO 


$lFFE.$lFFF 


$1 FFC. $1 FFD 


$1 FFA. $1 FFB 


$lFF8.$lFF9 


SWI" 
$OFFC. SOFFO 


TN'T: 
$OFFA, SOFFB 
Timer: 
SOFFB, SOFF9 


Figure 9 
Interrupt Processing Flowchart 
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• 
INPUT/OUTPUT 
There 
are 
24 
input/output 
pins. 
All pins 
are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the cor- 


responding 
Data 
Direction 
Register 
(DDR). 
When 
programmed 


as outputs, 
the 
latched 
output 
data 
is readable 
as input 
data, 


regardless 
of 
the 
logic 
levels 
at the 
output 
pin 
due 
to output 


l;rT~LI 
mA 
Load 


loading 
(see 
Fig. 
10). When 
Port 
B is programmed 
for outputs, 


it is capable 
of 
sinking 
IOmA 
on 
each 
pin 
(VOL 
= IV max). 


All 
input/output 
lines 
are TIL 
compatible 
as both 
inputs 
and 


outputs. 
Port 
A is CMOS compatible 
as outputs, 
and Port 
Band 


C are 
CMOS 
compatible 
as 
inputs. 
Figure 
II 
provides 
some 
examples 
of port 
connections. 


Data 
DirectIon 
Output 
Output 
Input 
to 


Register 
Data 
Bit 
State 
MCU 


Bit 


1 
0 
0 
0 


1 
1 
1 
1 


0 
3-State 
Pm 


• 
INPUT 
Port 
D can 
be used 
as either 
8 TIL 
compatible 
inputs 
or 
I 
• 
BIT 
MANIPULATION 


threshold 
input 
and 
7 analog 
inputs 
pins. 
Fig. 
12 (a) shows 
the 
The 
MCU 
has 
the 
ability 
to 
set 
or clear 
any 
single 
random 


construction 
of 
port 
D. The 
Port 
D register 
at location 
S003 
access 
memory 
or 
input/output 
bit 
(except 
the 
data 
direction 


stores 
TTL 
compatible 
inputs. 
and 
those 
in location 
S007 
store 
registers) 
with 
a single 
instruction 
(BSET, 
BCLR). 
Any 
bit in 


the 
result 
of 
comparison 
Do 
to 
D6 
inputs 
with 
D, 
threshold 
the page zero read only 
memory 
can be tested, 
using the BRSET 


input. 
Port 
D has not 
only 
the conventional 
function 
as inputs 
and 
BRCLR 
instructions, 
and 
the 
program 
branches 
as a result 


but 
also 
voltage·comparison 
function. 
Applying 
the latter, 
can 
of its state. 
This 
capability 
to work 
with any bit in RAM, 
ROM 


easily 
check 
that 
7 analog 
input 
electric 
potential 
max. 
exceeds 
or 
I/O 
allows 
the 
user 
to 
have 
individual 
flags 
in 
RAM 
or 
to 


the 
limit 
with 
the construction 
shown 
in Fig. 12 (b). Also, using 
handle 
single 
I/O bits as control 
lines. The example 
in Figure 
13 


one 
output 
pin 
of 
MCU. 
after 
external 
capacity 
is discharged 
illustrates 
the 
usefulness 
of 
the 
bit 
manipulation 
and 
test 


at 
the 
preset 
state. 
charge 
the CR circuit 
of long enough 
time 
Instructions. 
Assume 
that 
bit 0 of port 
A is connected 
to a zero 


constant. 
apply 
the charging 
curve 
to the D, 
pin. The construc- 
crossing 
detector 
circuit 
and that 
bit 
I of port 
A is connected 
to 
tion 
described 
above 
is shown 
in Fig. 
12 (c). 
The 
compared 
the trigger 
of a TRIAC 
which 
power 
the controlled 
hardware. 
result 
of 
Do 
to 
D6 
is regularly 
monitored, 
which 
gives 
the 
This 
program, 
which 
uses 
only 
seven 
ROM 
locations, 
,pro- 
analog 
input 
electric 
potential 
applied 
to 
Do to D6 pins 
from 
vides 
turn-on 
of the 
TRIAC 
within 
14 microseconds 
of the zero 
inverted 
time. 
This 
method 
enables 
7 inputs 
to 
be converted 
crossing. 
The 
timer 
could 
also be incorporated 
to provide 
turn· 


from 
analog 
to digital. 
Furthermore. 
combination 
of two 
func- 
on at some 
later 
time 
which 
would 
permit 
pulse-width 
modula- 


tions 
gives 3 level voltages 
from 
Do to D6. 
Fig. 12 (~provides 
tion of the controlled 
power. 
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----- 


0, 


Reference 
Level 


D. 
Analog Input 6 


Port 


\ 


0 


0, 
Analog Input 0 


c, 


~ 


D,~ 


0, 


VTH 
I' 
3.5V) 


D. 
3 Levels Input 6 


Port 


\ 


0 


0, 


3 Levels Input 0 


Input 
1$0031 
1$007) 
Voltaoe 


OV - 
O.8V 
0 
0 


2.0V - 
3.3V 
1 
0 


3.7V - 
Vcc 
1 
1 


(d) 
Application to 3 levels input 


Figure 12 
Configuration and Application of Port 0 
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BRCLR 
0, PORT A, SELF 
1 
BSET 1, PORT A 
BCLR 
1, PORT A······· 
Fig.Jre 13 
Bit Manipulation Example 


• 
ADDRESSING 
MODES 


The MCV has ten addressing modes available for use by the 
programmer. 
They are explained and illustrated 
briefly in the 


following paragraphs. 
• 
Immediate 
Refer to Figure 14. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 


the PC and the operand is fetched from the byte following the 
opcode. 
• 
Direct 
Refer to Figure 
IS. In direct addressing, the address of the 


operand 
is contained 
in the second byte 
of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 byles in memory. 
All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 
• 
Extended 
Refer to Figure 16. Extended addressing is used to reference 


any location in memory space. The EA is the contents of the 
two bytes following the opcode. 
Extended 
addressing instruc- 


tions are three bytes long. 
• 
Relative 
Refer to Figure 17. The relative addressing mode applies only 


to the branch 
instructions_ In this mode the contents 
of the 


byte 
following the opcode 
is added 
to the program counter 


when the branch is taken. EA;(pC)+2+Rel. 
Rei is the contents 
of the location 
following the instruction 
opcode 
with bit 7 


being the sign bit. If the branch is not taken Rel;O, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. 
These 


instructions are two bytes long. 
• 
Indexed (No Offset) 
Refer to Figure 18. This mode of addressing accesses the 


lowest 256 bytes of memory. 
These instructions 
are one byte 


long and their EA is the contents of the index register. 
• 
Indexed (8·bit Offset) 
Refer 
to Figure 19. The EA is calculated 
by adding the 


contents 
of the byte following the opcode to the contents of 


the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
• 
Indexed (16·bit Offset) 
Refer to Figure 20. This addressing mode calculates the EA 


by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 


• 
Bit Set/Clear 
Refer 
to Figure 
21. This mode 
of addressing applies to 
instructions 
which can set or clear any bit on page zero. The 
lower three bits in the opcode 
specify the bit to be set or 
cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 
address in page zero. 
• 
Bit Test and Branch 
Refer to 
Figure 
22. This mode 
of addressing applies to 


instructions 
which can test any bit in the first 256 locations 


($OO·$FF) and branch 
to any location relative to the PC. The 


byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi· 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition 
code 
register. 
• 
Implied 
Refer to Figure 23. The implied mode of addressing has no 


EA. All the information 
necessary to execute an instruction 
is 


contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


• 
INSTRUCTION 
SET 
The MCU has a set of 59 basic instructions. 
They can be 


divided into five different types: register/memory, 
read/modify/ 


write. 
branch, 
bit 
manipulation, 
and control. 
The following 


paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
• 
Register/Memory Instructions 
Most of these instructions use two operands. One operand is 
either the accumulator 
or the index register. The other operand 
is obtained 
from memory using one of the addressing modes. 


The jump unconditional 
(JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 4. 
• 
Read/Modify /Write Instructions 
These 
instructions 
read a memory 
location 
or a register, 


modify or test its contents, and write the modified value back 
to memory 
or to the register. The test 
for negative or zero 


(TST) 
instruction 
is an exception 
to the read/modify/write 


instructions since it does not perform the write. Refer to Table 
5. 
• 
Branch Instructions 
The branch 
instructions 
cause a branch from the program 
when a certain condition is met. Refer to Table 6. 
• 
Bit Manipulation Instructions 
These instructions 
are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. 
Refer to Table 7. 


• 
Control Instructions 
The control instructions 
control the MCU operations during 


program execution. Refer to Table 8. 
• 
Alphabetical listing 
The complete instruction 
set is given in alphabetical order in 
Table 9. 
• 
Opcode Map 
Table 10 is an opcode map for the instructions 
used on the 
MeU. 
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PROG 
LOA 
#$Fa 
OSBE 


OSBF 


Fa 
I 


Index 
.!:::!S9 
C 
I 


Stack Point 
· 
• 
I 
I 
I 
· 
• 
A6 
Prog Count 


Fa 
I 
OSCO 
I 


CC 
I 
I 


•I 
•8 


• 
I§ 


•••. 


PROG 
LOA 
CAT 
0520 


OS2E 
1_-----' 
Stack Point 
--1-- 


~ 
•I, 
••I 


Prog Count 


052F 


CC 
1'---_- 
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i 
I 
I 
I 
I 


~ 


04091~' 


040A 
06 


040B 
E5 
J- 


I. 
,"----- 
Stack Point 
====1==== 


040C 


CC1==== 


: 


I 
: 


~ 
I 
I 


PROG 
BED 
PROG2 
04A 7 
27 


04A8 
lB 


~ 
I 
I 


A 
1'--_- 
I 
Stack Point 
I 
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Index Reg 


BB 


Stack 
POint 


=============1============ 


CC 


1__ 


~ 
Memory 


TABL 
FCB 
"BF 
0089 
BF 


FCB 
•• 86 
008A 
B6 


FCB 
~ DB 
008B 
DB 


FCB 
"CF 
008C 
CF 


PR.OG 
LOA 
TABL. 
X 075B 
E6 


075C 
89 


I 
I§ 


Stack 
POInt 
I 


0750 


CC 
1'--_--'" 
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i 


~ 


TABl. 
X 0692 ~I 
D6 
I 


0693 
07 


0694 
7E 


I 
I 


TABl 
FCB 


FCB 


FCB 


#BF 
077E 
BF 


#86 
077F 
86 


#DB 
0780 
DB 


Index Reg 


02 


Stack Point 


========1======== 


PAOG BClA 
6. POAT B 
058F 


0590 


Prog Count 


0695 


CC1==== 


Al~_ 


Index Reg 


1 
_ 


I 
I 
I 
I 
CC 


.~ 
- 


I 
II 
I 
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PROG 8RCLR 
2. PORT C. PROG 2 
0574 


0575 


I 
I 
I 


I 
I 


~ 
I 
I 
I 
I 
O~A8 


I 
I 
I 
I 
@ 


I 
I 
I 
I 
! 


A1==== 
Index Reg 
I-~ 


Stack 
POint 
===1==== 
Prog Count 


0594 


ccT 


0588 


CC 
I 
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I 
I 


~ 
I 


-- 


Addressing 
Modes 


Indexed 
Indexed 
Indexed 


Function 
Mnemonic 
Immedi.te 
Direct 
Extended 
(NoOHsetl 
(S·BitOHset) 
116·Bit 
Offsetl 


()p 
# 
# 
()p 
# 
# 
0. 
# 
# 
()p 
# 
# 
0. 
# 
# 
()p 
# 
# 


Code 
Bytes 
Cycles 
Cod. 
Bytes 
Cycles 
Cod. 
Bytes 
Cvcles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
06 
3 
6 


Load X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
I 
4 
EE 
2 
5 
DE 
3 
6 


Store 
A in Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
I 
5 
E7 
2 
6 
07 
3 
7 


Store 
X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
I 
5 
EF 
2 
6 
OF 
3 
7 


Add M~mory to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
I 
4 
EB 
2 
5 
DB 
3 
6 


Add 
Memory 
and 


ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
I 
4 
E9 
2 
5 
09 
3 
6 
c.ry to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
I 
4 
EO 
2 
5 
DO 
3 
6 


Subtr.ct 
Memory 
from 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
I 
4 
E2 
2 
5 
02 
3 
6 
A with 
Borrow 


A~D 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
I 
4 
E4 
2 
5 
04 
3 
6 


OR 
Memory 
with 
A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
I 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive 
OR 
Memory 


EOR 
AB 
2 
2 
BB 
2 
4 
Ca 
3 
5 
FB 
I 
4 
EB 
2 
5 
DB 
3 
6 
with 
A 


Arithmetic 
Compare 
A 


CMP 
Al 
2 
2 
Bl 
2 
4 
Cl 
3 
5 
Fl 
I 
4 
El 
2 
5 
01 
3 
6 
with 
Memory 


Arithmetic 
Compare 
X 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
I 
4 
E3 
2 
5 
03 
3 
6 
with 
Memory 


Bit Test Memory 
with 
A 


BIT 
AS 
2 
2 
BS 
2 
4 
CS 
3 
5 
FS 
I 
4 
ES 
2 
5 
OS 
3 
6 
(Logial Comp.re' 


Jump 
Uncondition.1 
JMP 
- 
- 
- 
BC 
2 
3 
CC 
3 
4 
FC 
I 
3 
EC 
2 
4 
DC 
3 
5 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
B 
FD 
, 
7 
ED 
2 
B 
DO 
3 
9 


Addressing 
Modes 
------ 


Function 
Mnemonic 
Implied 
IAI 
Implied 
IXI 
Direct 
Indexed 
Indexed 


INo Offs.t) 
l8-8it 
Offse,) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Do 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycle, 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 


NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2', Complement) 


Rotlte 
left Thru Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotlte 
Right Thru Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Legicol 
Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Legal 
Shin 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Neg.tiw 
or 


TST 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
wo 
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Relative Addressing Mode 
Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IF Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch IF Carry Clear 
BCC 
24 
2 
4 


(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch I F Carry Set 
BCS 
25 
2 
4 


(Branch 
IFLower) 
(BLO) 
25 
2 
4 


Branch I F Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEQ 
27 
2 
4 


Branch I F Half Carry Clear 
BHCC 
28 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
;2 
4 


Branch I F Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch I F Interrupt 
Mask Bit is Set 
BMS 
20 
2 
4 


Branch I F Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
Line is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
8 


Addressing Modes 


Function 
Mnemonic 
Bit Set/Clear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
BRSET n (n=O ..... 7) 
- 
- 
- 
20n 
3 
10 


Branch IF Bit n is clear 
BRCLR 
n (n=O ..... 7) 
- 
- 
- 
01+2"n 
3 
10 


Se-t Bit n 
BSET n (n=O ..... 7) 
10+2"n 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O ..... 7) 
11+2on 
2 
7 
- 
- 
- 


Implied 


Function 
Mnemonic 
Op 
# 
# 


\ 
Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer 
X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
ClI 
9A 
1 
2 


Software 
Interrupt 
SWI 
83 
1 
11 


Return from 
Subroutine 
RTS 
81 
1 
6 


Return from 
Interrupt 
RT! 
80 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No·Operation 
NOP 
90 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test 
& 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ASL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEO 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
BLO 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 
BRN 
x 
• • • • • 
BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 
BSR 
x 
• • • • • 
CLC 
x 
• • • • 
0 


CLI 
x 
• 
0 • • • 
CLR 
x 
x 
x 
x 
• • 
0 
1 • 
CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 


EOR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
J$R 
x 
x 
x 
x 
x 
• • • • • 
LDA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
LDX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition Code Svmbols: 


H 
Half Carry (From Bit 3) 
I 
Interrupt 
Mask 
N 
Negative 
(Sign Bit) 
Z 
Zero 


C 
Carry Borrow 


1\ 
Test and Set 
if True. 
Cleared 
Otherwise 
Not Affected 
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Addressing 
Modes 
Condition 
Code 


Imme· 
Ex· 
Re· 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
A 
A 
A 


LSR 
x 
x 
x 
x 
• • 
0 
A 
A 


NEG 
x 
x 
x 
x 
• • 
A 
A 
A 


NOP 
x 
• • • • • 
ORA 
x 
x 
x 
x 
x 
x 
• • 
A 
A • 
ROL 
x 
x 
x 
x 
• • 
A 
A 
A 


ROR 
x 
x 
x 
x 
• • 
A 
A 
A 


RSP 
x 
• • • • • 


RTI 
x 
? 
? 
) 
) 
? 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
A 
A 
A 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
A 
A • 
STX 
x 
x 
x 
x 
x 
• • 
A 
A • 
SUB 
x 
x 
x 
x 
x 
x 
• • 
A 
A 
A 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
A 
A • 
TXA 
x 
• • • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 
3) 


I 
I nterrupl 
Mask 
N 
Negative (Sign Bit) 


Z 
Zero 


C 
Carry/Borrow 


t\ 
Test and Set jf True, Cleared Otherwise 


• 
Not Affeeled 


? 
Load CC Register From Stack 
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Bit Manipulation 
Branch 
Read/Modify /lNrite 
Control 
Register/Memory 


Test & 
set/ 
Rei 
DIR 
I 
A 
I 
X 
I 
,Xl 
I 
,XO 
IMP 
IMP 
IMM I 
DIR 
I EXT 
I 
,X2 
I )(1 
I ,XO 
Branch 
Clear 


0 
1 
2 
3 
I 
4 
I 
5 
I 
6 
I 
7 
8 
9 
A 
I 
B 
I 
C 
I 
D 
I 
E 
I 
F - 


0 
BRSETO 
8SETO 
BRA 
NEG 
RTI' 
- 
SUB 
0 


1 
BRClRO 
BClRO 
8RN 
- 
RTS' 
- 
CMP 
1 


2 
BRSETI 
BSET1 
BHI 
- 
- 
- 
SBC 
2 


3 
BRClRl 
BClRl 
BlS 
COM 
SWI' 
- 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
lSR 
- 
- 
AND 
4 


5 
BRClR2 
BClR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
- 
- 
lDA 
6 


7 
BRClR3 
BClR3 
BEO 
ASR 
- 
TAX 
- 
I 
STA(+l1 
7 


B 
BRSET4 
BSET4 
BHCC 
lSL/ASl 
- 
ClC 
EOR 
8 
9 
BRClR4 
BClR4 
BHCS 
ROl 
- 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPl 
DEC 
- 
CLI 
ORA 
A 


B 
BRClR5 
BClR5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
RSP 
- 
I 
JMP(-I) 
C 


D 
BRClR6 
BClR6 
BMS 
TST 
- 
NOP 
BSR'I 
JSR(+31 
0 


E 
BRSET7 
BSET7 
Bil 
- 
- 
- 
lDX 
E 


F 
BRClR7 
BClR7 
BIH 
ClR 
- 
TXA 
- 
I 
STX(+l1 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/' 
1/2 
2/2 
I 
2/4 
I 
3/5 
I 
3/6 
I 
2/5 
I 
1/4 


(NOTE) 
1. 
Undefined opcodes are marked with "-". 
2. 
The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a ..••. require a different number of cycles as follows: 
RTI 
9 
RTS 
6 
SWill 
BSR 
8 


3. 
I 
indicate that the number in parenthesis must be added to the cycle count for that instruction . 


• 
HD68P05 
USED 
AS 
ROM-ON-CHIP 
HD6805UIV 


When using the HD68P05 for the HD6805U (2k ROM) or 


the 
HD6805V 
(4k 
ROM), 
take 
the memory 
configuration 


shown in Figure 25 (a) or (b). "Not 
Used" or "Self Test" 


(SF80 to SFF7) locations can be used in the HD68P05. Note 
that these locations cannot be used for a user program when 
making the program in mask ROM version. The HD6805U or 
HD6805V 
takes mask option method 
for internal oscillation, 
low voltage inhibit circuit or timer. The HD68P05 takes crystal 
option for oscillation without low voltage inhibit circuits. The 
HD68P05 should specify timer part by software, so it is requir- 
ed to set bit 0 to bit 5 of thp.Timer Control Register after reset 
and select the 
prescaler 
dividing ratio 
and the clock input 


source. 
Figure 24 shows a program example where external 


clock is selected as an input source at 128 dividing ratio. 


When the program emulated by the EPROM on package type 


(the HD68P05) is built in the ROM-on-chip type, the instruc- 
tions operating these bits are ignored because the HD6805U/V 
doesn't have the TCR bit 0 to 5. 


Bit 4 and 5 of the TCR should be specified to be "q" 
con- 


trolled by TIMER Input" or "Event Input from TIMER". 


The HD6805U/V 
has the self test program 
in locations 


SF80 to SFF7 as shown in Fig. 25. The HD68P05 can use this 
area. But a user program written in this area cannot be built in 
the ROM-on-chip type. 
(See Table 3.) 
The vector address of 


the 
HD68P05MO is SlFF8 
to 
SIFFF 
differently 
from the 


HD6805U/V. 


Pay attention 
to the above statements 
when debugging the 


program for the ROM-on-chip type. 
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7 
0 
6 
5 
4 
3 
2 
1 
0 
000 
110 Ports 
SOOO 
0 
SOOO 
Port 
A 


Timer 
Port B 
SOOt 
RAM 


127 
(1288ytesl 
S07F 
2 
Port C 
S002 


128 
S080 
Port 0 (digital) 
$003·· 


ROM 
4 
Port A ODR 
$004· 
(1288ytes) 


255 
Port 8 DDR 
S005· 


256 
Port 
C OOR 
$006· 


Not Used 
Port 
0 
(analog) 
$007·' 


2047 
Timer 
Data Reg 
S008 


2048 
Timer 
eTA L Reg 
$009 


Not Used 
$OOA 


ROM 
(22 Bytesl 
SOl F 


RAM (96 Bytes) 
S020 


(1920 Bytes) 
Stack 


S07F 


3967 
$F7F 
Write-Only 
Register 


3968 
Self-Test 
$F80 
Read-Only 
Register 
4087 
$FF7 
4088 
Interrupt 
Vectors 
$FF8 
4095 
$FFF 


(.1 
HD6805U 
Configuration 


7 
0 
7 
6 
5 
4 
3 
2 
1 
0 
000 
110 Ports 
SOOO 
0 
Port 
A 
SOOO 


Timer 
Port B 
$001 
RAM 


127 
(1288ytesl 
Port 
C 
$002 


128 
Port 
0 
(dlgllal) 
$003·· 


Port A OOR 
$004. 


Port BOOR 
$005· 


6 
Port C OOR 
S006 • 


Port 
0 
(analog) 
soor' 


ROM 
8 
Timer 
Data Reg 
$008 


13840 8ytesl 
Timer 
eTR L Reg 
$009 


Not 
Used 
SOOA 


122 Bytesl 
$01 F 


$020 


$07F 


3967 
$F7F 
Write-Only 
Register 


3968 
Self-Test 
$F80 
Read-Only 
Register 


4087 
$FF7 


4088 
Interrupt 
Vectors 
$FF8 


4095 
$FFF 


Ib) 
HD6805V 
Configuration 


Figure 
25 
MCU 
Memory 
Configuration 
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• 
PRECAUTION 
TO USE EPROM 
ON THE PACKAGE 
a-BIT 
SINGLE-CHIP 
MICROCOMPUTER 


As this microcomputer 
takes a special packaging type with 
pin sockets on its surface, pay attention to the followings; 
(l) 
Do not apply higher electro-static 
voltage or serge voltage 


etc. 
than 
maximum 
rating, 
or it may cause permanent 


damage to the device. 
(2) 
There are 28 pin sockets on its surface. When using 32k 


r"-- 
------, 
l~ 
~~ 
o 
0 
o 
0 
o 
o 
o 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 


Let the index-side four pins open. 
When using 24 pin EPROM, 
match 
its index and insert it into lower 
24 pin sockets. 


EPROM (24 pins), let the index-side four pins open. 
(3) When assembling this LSI into user's system products 
as 


well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention 
to the followings to keep the good ohmic 


contact between EPROM pins and pin sockets. 
(a) 
When soldering on a printed circuit board, etc., keep its 
condition 
under 250°C within 10 seconds. Over-time/ 


temperature 
may cause the bonding solder of socket 


pins to meet and the sockets may drop. 


(b) Keep out detergent 
or coater from the pin sockets at 


aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 
(c) 
Avoid the permanent 
use of this LSI under the ever- 


vibratory place and system. 
(d) 
Repeating insertion/removal 
of EPROMs may damage 


the contactivity 
of the pin sockets, so it is recommend- 


ed to assemble new ones to your system products. 
Ask our sales agent about anything unclear. 
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HD68P05VVO------------- 
MCU (Microcomputer 
Unit) 


The HD68P05WO is the 8-bit Microcomputer 
Unit (MCU) 
which contains a CPU, on-chip clock, RAM, an A/D converter, 
I/O and two timers. 
It is designed for the user who needs an 


economical microcomputer 
with the proven capabilities of the 


HD6800-based instruction set. Setting EPROM on the package, 
this MCU has the same function as the HD6805WI which has 
on-<:hip ROM. It is useful not only for a means of debugging 
and evaluating the HD6805W 1 but also for small-scale-produc- 
tion. 


The folloWing EPROMs are available. 


4k byte: 
HN482732A 


8k byte: 
HN482764 


• 
HARDWARE FEATURES 
• 
B-Bit Architecture 


• 
96 Bytes of RAM 
• 
Memory Mapped I/O 


• 
Internal B-Bit Timer with 7·Bit Prescaler 


• 
Internal 
B-bit Programmable 
Timer 
(Timer2) 
with 7·bit 


Prescaler 


• 
Vectored interrupts: 
External, Timer and Software 
• 
23 I/O Ports + 6 Input Ports 
(B Lines Directly Drive LEOs.) 
• 
On·chip B bits A/D Converter 
• 
On·chip Clock Generator 


• 
Master Reset 


• 
Easy for System Development and Debugging 
• 
5 Vdc Single Supply 


• 
SOFTWARE FEATURES 
• 
Similar to HD6800 Family 
• 
Byte Efficient Instruction Set 


• 
Easy to Program 
• 
Ture Bit Manipulation 


• 
Bit Test and Branch Instructions 
• 
Versatile Interrupt Function 


• 
Powerful Indexed Addressing for Tables 
• 
Full Set of Conditional Branches 


• 
Memory Usable as Registers/F lags 
• 
Single Instruction Memory Examine/Change 
• 
10 Powerful Addressing Modes 


• 
All Addressing Modes Apply to ROM, RAM and I/O 


• 
Compatible Instruction Set with HD6805 


Type No. 
Bus Timing 
EPROM Type No. 


HD68POSWO 
1 MHz 
HN4B2732A-30 
HN4B2764-3 


OVee 
vee 0 
OA12 
veeO 


OA, 
VeeO 
OA. 
A. 
0 


OA, 
A,O 
OA. 
An 0 
OA, 
VSS 0 
OA, 
A,oO 
OA, 
CE 0 
OAo 
0, 0 
000 
O. 0 
00, 
0,0 
00, 
O. 0 
OVss 
0, 0 
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On Package 
,-------- 
-, 


O. 
0, 
0, 
0, 
O. 
O. 
O. 
0, 


1 
I 
I 


1 
I 
I 
I 
IL 
-.J 


Prescaler Control 


8 Register 2 


Timer 
Data 
8 Register 2 


Timer 
8 
Status Register 2 


Output 
Compare 
8 Register 


Input Capture 
8 Register 


Timer 
Control 


8 Register 2 


Port A 


110 Lines 


A. 
A. 
.~ 
c: 
A, 
.2 


A, 
': 
~ 


A. 
II: 
.~ 
I- 
« 
oJ!! 
A, 
(O,~ 


A. 
5 
~'".." 
A, 
.. 
Oll: 


AO"Ro 
AOR, 
AORz 
ADRl 
ADR. 
ADR, 
ADRe 
ADR7 


ADR, 
ADR, 
ADR,o 
ADR" 
AORu 
cr 


Data 
Input 
Buffer 


Address 
Output 
Buffer 


Address 
Output 
Buffer 


Accumulator 
8 
A 


Index Register 


8 
X 


Condition 
Code 


5 


Register 
CC 
CPU 


Stack Point 


6 
SP 


Program Counter 


5 


"High" 


PCH 


Program Counter 
8 "Low" 
PCl 


c: 
~ 
0 
.~ 
'S>" 
AlU 


~,~ 


lI: 
u 


102' 
5 
Oll: 
.. 


AID Control 
Status Register 
8 


Port 8 
I/O Lines 


8. 
8. 
8, 
B, 
B. 
B, 
B. 
B, 


Port C 
110 Lines 
C. 
C, 
C, 
C, 
C. 
C, 
(lC) 
C.IOC) 


Port 0 
Input 
Lines 


D. liNT,! 
D. IAN.! 
0, 
IAN,) 
0, IAN,) 
D. IAN,! 
0, 
(VRH) 


ADC 
Lines 
AVec 
AVss 
(VRH) 


(AN,! 
IAN.) 
(AN,) 
(AN,) 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc 
-0.3 - 
+7.0 
V 


Input 
Voltage 
(EXCEPT 
TIMER) 
-0.3 - 
+7.0 
V 


Input 
Voltage 
(TIMER) 
Vin 
-0.3-+15.0 
V 


Operating 
Temperature 
Too, 
o -+70 
°c 


Storage Temperature 


T ". 
-55 
-+150 
°c 


(NOTE) 
This device has an input protection 
circuit for high quiescent voltage and field, however, 
be careful not 


to impress a high input voltage than the insulation 
maximum 
value to the high input impedance circuit. 
To insure normal operation, the following are recommended for Vin and Vout: 


VSS 
~ 
(Vin 
or Vout) 
~ 
VCC 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC 
CHARACTERISTICS 
(VCC = 5.25V 
±0.5V, 
Vss = GND. Ta = 0 -+70oC, 
unless otherwise 
noted.! 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES 
4.0 
- 
Vcc 
V 


Input 
"High" 
Voltage 
INT,.INT, 
3.0 
- 
Vcc 
V 


All Others 
VIH 
2.0 
- 
Vcc 
V 


Timer 
2.0 
- 
Vcc 
V 


RES 
-0.3 
- 
0.8 
V 


Input 
"Low" 
Voltage 
INT,.INT, 
VIL 
-0.3 
- 
0.8 
V 


EXTAL 
-0.3 
- 
0.6 
V 


All Others 
-0.3 
- 
0.8 
V 


Power Dissipation 
Po 
- 
- 
750 
mW 


Low Voltage 
Recover 
LVR 
- 
- 
4.75 
V 


TIMER 
-20 
- 
20 
p.A 


Input 
Leak Current 
INT"INT, 
IlL 
Vin=0.4V-Vcc 
-50 
- 
50 
p.A 


EXTAL 
-1200 
- 
0 
p.A 


Standby 
Voltage 


Nonoperation 
Mode 
VSBB 
4.0 
- 
Vcc 
V 


Operation 
Mode 
VSB 
4.75 
- 
Vcc 


Standby 
Current 
Nonoperation 
Mode 
ISBB 
VSBB=4.0V 
- 
- 
3 
mA 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Clock 
Frequency 
fel 
0.4 
- 
4.0 
MHz 


Cycle Time 
tCYC 
1.0 
- 
10 
p.s 


INT Pulse Width 
t1WL 
tcve+ 
- 
- 
ns 
250 


RES Pulse Width 
tRWL 
tCyc+ 
- 
- 
ns 
250 


TIMER 
Pulse Width 
tTWL 
teve+ 
- 
- 
ns 
250 


Oscillation 
Start-up 
Time 
(Crystal 
Mode) 
tosc 
CL=22pF±20% 
- 
- 
100 
ms 
Rs=60n 
max. 


Delay Time 
Reset 
tRHL 
External 
Cap. = 2.2p.F 
100 
- 
- 
ms 
I 
XTAL. 
VRH/Ds 
- 
- 
35 
pF 
Input Capacitance 
I 
All Others 
Cin 
Vin=OV 
- 
10 
pF 
- 
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Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


IOH : -101lA 
3.5 
- 
- 
V 


Port A 
IOH: 
-lOOIlA 
2.4 
- 
- 
V 


Output 
"High" 
Voltage 
VOH 
IOH : -2OOIlA 
2.4 
- 
- 
V 
Port B 
IOH:-1mA 
1.5 
- 
- 
V 


Port C 
IOH: 
-1()()IIA 
2.4 
- 
- 
V 


Ports A and C 
IOL: 
1.6 mA 
- 
- 
0.5 
V 


Output 
"Low" 
Voltage 
VOL 
IOL: 
3.2 mA 
- 
- 
0.5 
V 
Port B 
IOL: 
10 mA 
- 
- 
1.0 
V 


Input "High" 
Voltage 
Ports A, B, C 
V1H 
2.0 
- 
Vcc 
V 


Input "Low" 
Voltage 
and D* 
V1L 
-0.3 
- 
0.8 
V 


Port A 
V1n: 
0.8V 
-500 
- 
- 
IIA 


Input Leak Current 
IlL 
V1n: 
2V 
-300 
- 
- 
IIA 


Ports B. C and D* 
Vin: 
O.4V -V cc 
-20 
- 
20 
IIA 
* 
Port D asdigital input 


• 
AID 
CONVERTER 
ELECTRICAL 
CHARACTERISTICS 
(Vcc 
: 5.25V±O.5V, Vss = AVss = GMD, Ta = 0 - +70°C, unless 


otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Analog Power Supply 
AVcc 
4.75 
5.25 
5.75 
V 
Voltage 


Analog Input Voltage 
AVln 
0 
- 
VRH 
V 


4.75V~Vcc 
~5.25V 
4.0 
- 
Vcc 
V 
Reference "High" 
Voltage 
VRH 
5.25V < Vcc :5:: 5.75V 
4.0 
- 
5.25 
V 


Analog Multiplexer 
Input 
- 
- 
7.5 
pF 
Capacitance 


Resolution 
Power 
- 
8 
- 
Bit 


Conversion Time 
76 
76 
76 
tcyc 


Input Channels 
4 
4 
4 
Channel 


Absolute Accuracy 
Ta: 
25°C 
- 
- 
±1.5 
LSB 


Ii = 3.2 mA 
~ 
'" 


I; = 1.6 mA 
2.4kl1 
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• 
SIGNAL 
DESCRIPTION 


The input 
and output 
signals for the MCU, shown in PIN 


ARRANGEMENT, are described in the following paragraphs. 


• 
Vcc and Vss 
Voltage is supplied to the MCU using these two pins. Vcc is 


5 .25V ±O.5V. Vss is the ground connection. 


• 
INT,/INT2 
This pin provides the capability for asynchronously applying 


an external interrupt 
to the MCU. Refer to INTERRUPTS for 
additional information. 


• 
XTAL 
and EXTAL 
These pins provide connections 
for the on-ehip. clock circuit. 
A crystal (AT cut, 4MHz maximum) or an external signal can be 
connected 
to these pins to prOVide the internal oscillator with 


varying degrees of stability. 
Refer to INTERNAL OSCILLA- 


TOR for recommendations 
about these inputs. 


• 
TIMER 
This pin allows an external input to be used to count for the 


internal timer circuitry. 
Refer to TIMER I and TIMER 2 for 


additional information about the timer circuitry. 


• 
RES 
This pin allows resetting of the MCU. Refer to RESETS for 


additional information. 


• 
NUM 
This pin is not for user application and should be connected 


to Vss. 


• 
I/O Lines 
(Ao - 
A7• 
Bo - 
B7• Co - 
C.) 


These 23 lines are arranged into three ports (A, B and C). All 


lines are programmable 
as either inputs or outputs under soft- 


ware control of the Data Direction Registers. Refer to INPUT I 
OUTPUT 
for additional information. 


• 
Input 
Lines (Do - 
Os) 
These are TTL compatible 
input lines; in location $0003. 
These also allow analog inputs to be used for an AID converter. 
Refer to INPUT for additional information. 


• 
Vcc Standby 
Vcc Standby 
provides power to the standby portion of the 


RAM and the STBY PWR and RAME bits of the RAM Control 
Register. Voltage requirements 
depend 
on whether the MCV 


is in a powerup or powerdown state. In the powerup state, the 
power supply should prOVide Vcc and must reach VSB before 
RES reaches 
4.0V. 
During 
powerdown, 
Vcc 
Standby 
must 


remain 
above VSBB (min) to sustain the standby 
RAM and 


STBY PWR bit. While in powerdown 
operation, 
the standby 


current will not exceed IsBB. 
It is typical to power both Vcc and Vcc Standby from the 


same source during nomal operation. 
A diode must be used 


between them to prevent supplying power to Vcc during power- 
down operation shown Figure 2. 
To sustain the standby RAM during powerdown, the follow- 
ing software or hardware are needed. 
(I) 
Software 
When clearing the RAM Enable bit (RAME) which is bit 6 


of the RAM Control Register at location 
$00 IF, the RAM is 


disabled. 
Vcc Standby must remain above VSBB(min). 


(2) Hardware 
When RAME pin is "Low" before powerdown, the RAM is 


disabled. Vcc Standby must remain above VSBB(min). 


Vcc Standbyi 
PowerLine 


• 
RAME 
This pin is used for the external control of the RAM. When 


it is "Low" 
before powerdown, 
the RAM is disabled. If Vcc 


Standby 
remains 
aboye 
VSBB (min), 
the 
standby 
RAM is 


sustained. 


• 
AVec 
This pin is used for the power supply of the AID converter. 


When high accuracy is required, a different power source from 
VCCshould be impressed. 


Connect 
to Vcc for all other cases. AVss corresponds 
to 


AVCCasa GND terminal. 


• 
ANo - 
AN3 
These pins allow analog inputs to be used for an AID con- 


verter. 
These inputs are switched by the internal multiplexer 


and selected by bit 0 and I of the AID Control Status Register 
(ADCSR: $OOOE). 


• 
VRH and AVss 
The input terminal reference voltage for the AID converter is 
"High" (VRH) or "Low" (AVss). 
AVss is fixed at OV. 


• 
Input 
Capture 
(lC) 
This pin is used for input of Timer 2 control. in this case, 


Port Cs should be configured as input. 
Refer to TIMER 2 for 


more details. 


• 
Output 
Compare 
(OC) 
This pin is used for output 
of Timer2 
when the Output 


Compare Register is matched with the Timer Data Register 2. 
In this case, Port C. should be configured as an output. Refer to 
TIMER 2 for more details. 
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• 
REGISTERS 
The CPU has five registers 
available to the programmer, 


as shown in Figure 3 and explained below. 


° 


==========A=========I 
Accumulator 
_________ 
0 


_____ 
X 
llndex 
Register 


[ 
'2 
° 


_ 
PC 
I Program Counter 
12 
6 _5 
0 


~ 
sP 
1 Stack Pointer 


Condition 
Code 
Register 


Carry/Borrow 


Negative 


Interrupt 
Mask 


• 
Accumulator (AI 
The accumulator 
is a general purpose 8-bit register used to 


hold operands 
and results· of arithmetic 
calculations 
or data 


manipulations. 


• 
Index Register (X) 
The index register is an 8-bit register used for the indexed 


addressing mode and contains 
an 8-bit address that may be 


added to an offset 
value to create an effective address. The 


index register can also be used for limited calculations or data 
manipulations 
when using read/modify/write 
instructions. When 


not 
required 
by a code sequence being executed, 
the index 


register can be used as a temporary storage area. 


• 
Program Counter (PC) 
The program 
counter 
is a 13-bit register that contains the 


address of the next instruction to be executed. 


• 
Stack Pointer (SP) 
The stack pointer is a l3-bit register that contains the address 


of the next free location on the stack. Initially, the stack point- 
er is set to location SOO7F and is decremented 
as data is being 


pushed 
onto 
the stack and incremented 
while data is being 


pulled from the stack. The seven most significant bits of the 
stack pointer are permanently 
set to 00סס oo I. During an MCU 


reset or reset stack pointer (RSP) instruction, 
the stack pointer 


is set to location 
$OO7F. Subroutines 
and interrupts 
may be 


nested down to location $0041 which allows the programmer to 
use up to 31 levels of subroutine calls. 


• 
Condition Code Register (CC) 
The condition 
code register is a 5-bit register in which each 


bit is used to indicate or flag the results of the instruction just 


executed. 
These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained below. 


Half Carry (H) 
The half carry bit is used during arithmetic operations (ADD 
or ADC) to indicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 
This bit is set to mask everything. 
If an interrupt 
occurs 


while this bit is set, it is latched and will be processed as soon as 
the interrupt bit is reset. 


Negative (N) 
The negative bit is used to indicate that the result of the last 
arithmetic, 
logical or data manipulation 
was negative (bit 7 in 
a result equal to a logical one). 


Zero (Z) 
Zero is used to indicate that the result of the last arithmetic, 


logical or data manipulation was zero. 


Carry/Borrow (C) 
Carry/borrow 
is used to indicate that a carry or borrow out 
of the arithmetic 
logic unit (ALU) occurred 
during the last 
arithmetic 
operation. 
This bit is also affected during bit test and 
branch instructions, shifts and rotates . 


• 
TIMER 1 
The MCU timer circuitry 
is shown in Figure 4. The 8-bit 
counter, Timer Data Register I (TORI), 
is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. 
When the TORI reaches zero, the timer inter- 


rupt request bit (bit 7) in the Timer Control Register I (TCRI) 
is set. The MC·Uresponds to this interrupt by saving the present 
CPU state in the stack, fetching the timer I interrupt 
vector 
from locations SOFF8 and SOFF9 and executing the interrupt 
routine. 
The timer I interrupt 
can be JlIasked by setting the 
timer interrupt 
mask bit (bit 6) in the TCR I. The interrupt bit 
(I bit) in the Condition 
Code Register also prevents a timer I 
interrupt from being processed. 


The clock input 
to the timer 
I can be from an external 
source applied to the TIMER input pin o~ it can be the internal 
¢, signal. When ¢, is used as the source, it can be gated by an 
input 
applied to the TIMER input 
pin allowing the user to 
easily perform 
pulse-width 
measurements. 
The timer 
I con- 
tinues to count past zero, falling through to $FF from zero and 
then continuing 
the count. 
Thus, the counter (TORI) 
can be 
read at any time by reading the TDRI. 
This allows a program 
to determine 
the length of time since a timer interrupt 
has 
occurred and not disturb the counting process. 


At power-up or reset, the prescaler and counter are initialized 
with all logical ones; the timer I interrupt 
request bit (bit 7) is 
cleared and the timer 
I interrupt 
mask bit (bit 6) is set. 
In 
order to release the timer I interrupt, 
bit 7 of the TCR I must 
be cleared by software. 
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• 
Timer Control Register 1 (TCR1: $0009) 
The Timer Control Register I (TCRI: 
$0009) can control 


selection of clock input source and prescaler dividing ratio and 
timer interrupt. 


As shown in Table I, the selection of the clock input source 


is ISO and IS I in the TCRI (bit 4 and bit 5) and 3 kinds of 
input are selectable. At reset, internal clock q" 
controlled by 
the TIMER input (bit 4 = I, bit 5 = 0) is selected. 


The prescaler dividing ratio is selected by MSO, MSI, and 


MS2 in the TCRI (bit 0, bit I, bit 2) as shown in Table 2. The 
dividing ratio is selectable from eight ways (';'1, ';'2, ';'4, ';'8, ';'16, 
';'32, ';'64, ';'128). 
At reset,';'1 
mode is selected. 
The prescaler 


is initialized by writing in the TDRI. 


Timer I interrupt 
mask bit (TIM) allows the Timer 1 into 
interrupt 
at "0" and masks at "I ". 
Timer 1 interrupt 
causes 


Timer 
1 interrupt 
request 
bit (TlF) to be set. 
TlF must be 


cleared by software. 
(NOTE) 
If the 
MCV 
Timerl 
and Timer2 are not used, the 


TIMER input pin must be grounded. 


TCR1 
Clock Input Source 
Bit 5 
Bit 4 


0 
0 
Internal Clock q" 
• 


0 
1 
q" 
Controlled by TIMER Input 


1 
0 
1 
1 
Event Input From TIMER 


• 
The TIMER 
input pin must be tied to VCC, 
for uncontrolled ~ 


clock input. 


Table 2 
Selection of Prescaler Dividing Ratio 


TCR1 
Prescaler Dividing Ratio 
Bit 2 
Bit 1 
Bit 0 
0 
0 
0 
.;.1 


0 
0 
1 
.;.2 


0 
1 
Q 
';'4 


0 
1 
1 
';'8 


1 
0 
0 
';'16 


1 
0 
1 
.;.32 


1 
1 
0 
';'64 


1 
1 
1 
';'128 
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• 
TIMER 2 
The 
HD68P05WO includes 
an 8-bit programmable 
timer 


(Timer 2) which can not only measure the input 
waveform 


but also generate the output 
waveform. 
The pulse width for 


both 
input 
and output 
waveform can be varied from several 


microseconds to several seconds. 
(NOTE) 
If the MCU Timerl 
and Timer2 are not used, the 


TIMER input pin must be grounded. 


Timer 2 hardware consists of the followings. 


• 8-bit Control Register 2 
• 8-bit Status Register 2 
• 8-bit Timer Data Register 2 
• 8-bit Output Compare Register 
• 8-bit Input Capture Register 
• 5-bit Prescaler Control Register 
• 7-bit Prescaler 2 
Block Diagram of Timer 2 is shown in Fig. 5. 


Input Capture Aegister (ICA: $00lEI 


8 bit Register 
Read 


Timer Control Register 2 
ITCA2: $001 Bl 


• 
Timer Data Register 2 (TOR2; $OO1C) 
The main part of the Timer 2 is the 8-bit Timer Data Register 


2 (TDR2) as free-running counter, 
which is driven by internal 


clock tP. or the TIMER input and increments the value. The 
values in the counter is always readable by software. 
The Timer 
Data 
Register 2 is Read/Write 
register and is 


cleared at reset. 


• 
Output Compare Register (OCR; $0010) 
The Output Compare Register (OCR) is an 8·bit read/write 


register used to control an output waveform. 
The contents of 


this 
register 
are always compared 
with those of the TDR2. 
When these two contents conform to each other, the flag (OCF) 
in the Timer Status Register 2 (TSR2) is set and the value of the 


output level bit (OLVL) in the TCR2 is transferred to Port C6 
(OC). 


If Port C6's Data Direction Register (OOR) is "I" (output), 


this value will appear at Port C6 (OC). Then the values of OCF 
and OLVL can be changed for the next compare. 
The OCR is 


set to $FF at reset. 


• 
Input Capture Register (ICR; $001 E) 
The 
Input 
Capture 
Register (ICR) 
is an 8-bit 
read-only 


register used to store the value of the TDR2 when Port C5 
(IC) input transition 
occurs as defined by the input edge bit 
(IEDG) of the TCR2. 


In order to apply Port C5 (IC) input 
to the edge detect 
circuit, the OOR of Port C5 should be cleared ("0").* 
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To ensure an input 
capture 
under 
all condition, 
Port C. 


(IC) input pulse width should be 2 Enable-cycles at least. 


.The edge detect circuit always senses Port Cs (Ie) even if the DDR 


is set with Port Cs output. 


• 
Timer Control Register 2 (TCR2; $001B) 
The Timer Control 
Register 2 (TCR2) consists of an S-bit 
register of which all bits can be read and written. 


Bit 0 OLVL Output Level 


This bit will appear at Port C. when the value in the TDR2 


equals the value in the OCR, if the DDR of Port C. is set. It 
is cleared by reset. 


Bit 1 IEDG Input Edge 
This bit determines 
which level transition 
of Port C. (IC) 


input will trigger a data store to ICR from the TDR2. 
When 
this function 
is used, it is necessary to clear DDR of Port Cs· 
When IEDG = 0, the negative edge triggers ("High" to "Low" 
transition). 
When IEDG = 1, the positive edge triggers ("Low" 


to "High" transition). 
It is cleared by reset. 


Bit 2 TOIM Timer Overflow Interrupt Mask 


When this bit is cleared, internal interrupt 
(TO!) is enabled 


by TOF interrupt but when set, interrupt is inhibited. 


Bit 3 OCIM Output Compare Interrupt Mask 


When this bit is cleared, internal interrupt 
(OCI) by OCF 


interrupt occurs. When set, interrupt is inhibited. 


Bit 4 ICIM Input Capture Interrupt Mask 


When this bit is cleared, 
internal 
interrupt 
(ICI) by ICF 


interrupt occurs. When set, interrupt is inhibited_ 


• 
Timer Status Register 2 (TSR2: $001A) 
The Timer Status 
Register 2 (TSR2) is an 8-bit read-only 


register which indicates that: 
(I) 
A proper 
leveltransition 
has been detected 
on the input 


pin with a subsequent 
transfer of the TDR2 value to the 


ICR (ICF). 
(2) A match has been found between the TDR2 and the OCR 


(OCF). 
(3) The TDR2 is zero (TOF). 
Each of the event can generate 3 kinds of internal interrupt 


request 
and is controlled 
by an individual inhibit bits in the 


TCR2. If the 1 bit in the Condition 
Code Register is cleared, 
priority 
vectors 
are generated 
in response 
to clearing each 


interrupt mask bit. Each bit is described below. 


Bit 5 TOF Timer Overflow Flag 
This read-only bit is set when the TDR2 contains $00. 
It 


is cleared by reading the TSR2 followed by reading of the 
TDR2 . 


Bit 6 OCF Output Compare flag 
This read-only bit is set when a match is found between the 


OCR and the TDR2. 
It is cleared by reading the TSR2 and then 


writing to the OCR. 


Bit 7 ICF Input Capture Flag 
This read-only bit is set to indicate a proper level transition 


and cleared by reading the TSR2 and then reading the TCR2. 


User can write into port C. by software. 
Accordingly, 
after port C. has output 
by hardware and is 


immediately 
write into by software, simultaneous cyclic pulse 
control with a short width is easy . 
• 
Prescaler Control Register 2 (PCR2: $0019) 
The selections of clock input source and prescaler diViding 


ratio are performed by the Prescaler Control Register 2 (PeR2: 
$0019). 


~ 
__ 
• __ 
J 
~ __ 
~, 
~ 


I 
Prescaler OLding 
Ratio 


~CIOCk 
Input 
Source 


The selection of clock input source is performed 
in three 


different 
ways by bit 4 and bit 5 of the PCR2, as shown in 


Table 3. At reset, internal clock 
q" 
controlled 
by the TIMER 


input (bit 4 = I, bit 5 = 0) is selected. 


The prescaler dividing ratio is selected by three bits in the 


PCR2 (bits 0, 1,2), 
as shown in Table ~. The dividing ratio' 


can be selected in 8 ways (-;-1, -;-2, -;-4, -;-8, -;-16, -;-32, 764, 
-;-128). At reset, -;-1(bit 0 = bit 1 = bit 2 = 0) is selected. 


When writing into the PCR2, or when writing into the TDR2, 


prescaler is initialized to $FF. 


PCR2 
Bit 5 
Bit 4 
Clock Input Source 


0 
0 
Internal Clock q" . 


0 
1 
q" 
Controlled by TIMER Input 


1 
0 


1 
1 
Event Input from TIMER 
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PCR2 


Bit 2 
Bit 1 
Bit 0 
Prescaler 
Dividing 
Ratio 


0 
0 
0 
.;.1 


0 
0 
1 
.;.2 


0 
1 
0 
';'4 


0 
1 
1 
.;.8 


1 
0 
0 
';'16 


1 
0 
1 
.;. 32 


1 
1 
0 
.;. 64 


1 
1 
1 
';'128 


CAUTION 
(1) 
When 
executing 
Branch 
instructions' 
from 
address 
$117 
to 


$11 C, two 
flags (TOF 
and 
ICF) 
of the Timer 
Status 
Regis- 


ter 2 (TSR2) 
will be occasionally 
cleared. 


Cause: 
These 
instructions 
have some 
dummy 
read cycles 
so 
the 
TSR2 
can 
be 
read 
when 
executing 
the 
instructions. 


Countermeasure: 
Don't 
program 
branch 
instructions 
shown 
in 
Table 
I and 
3 at address 
SI17to$IIC. 


(2) 
When 
manipulating 
or 
testing 
the Timer 
Status 
Register 
2 


(TSR2) 
by 
Read/Modify/Write 
instructions"_ 
two 
flags 


(TOF 
and ICF) of the TSR2 
will be occasionally 
cleared. 


Cause: 
These 
instructions 
have 
some 
dummy 
read 


cycles 
so the TSR2 
can be read 
when 
executing 


the instructions. 


Don't 
use 
the 
instructions 
shown 
in 


Table 
I. 2 and 
4 for 
read/write/test 


operation 
of the TSR2 
flags. 


• 
Branch 
instructions 


(Bit 
Test & Branch 


\.Branch 


(500 
- 50F) 
in Table 
5-( I») 


(520 
- 
S2F) 
in Table 
5-(4) 
5AD 


•• Read/Modify/Write 
instructions 


( 


Bit 
Test & Branch 
(SOO - 
50 F) 


Bit Set/Clear 
(510 
- 
5 I F) 


Memory 
Manipulation 
(530 
- 
53F) 


in Table 
5-(1») 
in Table 
5-(2) 
in Table 
5-(3) 


Op Code 


2·n 


01+2· 
n 


= Bytes 


3 
3 


:: Cycles 


10 


10 


BRSET 
n (n=(}-7) 


BRCLRn(n=(}-7j 


(2) 
Bit Set/Clear 
Instruction 


Mnemonic 
Op Code 
# Bytes 
#Cycles 


BSET n (n-(}-7) 
10+2· 
n 
2 
7 


BCLR n (n=(}-7) 
11+2· 
n 
2 
7 


(3) 
Read/Modify/Write 
Instruction 


Mnemonic 
Op Code 
# Bytes 
#Cycles 


INC 
3C 
2 
6 


DEC 
3A 
2 
6 


CLR 
3F 
2 
6 


COM 
33 
2 
6 


NEG 
30 
2 
6 


ROL 
39 
2 
6 


ROR 
36 
2 
6 


LSL 
38 
2 
6 


LSR 
34 
2 
6 


ASR 
37 
2 
6 


ASL 
38 
2 
6 


TST 
3D 
2 
6 


(4) 
Branch 
Instruction 


Mnemonic 
Op Code 
# Bytes 
# Cycles 


BRA 
20 
2 
4 


BRN 
21 
2 
4 


BHI 
22 
2 
4 


BLS 
23 
2 
4 


BCC 
24 
2 
4 


(BHS) 
24 
2 
4 


BCS 
25 
2 
4 


(BLO) 
25 
2 
4 


BNE 
26 
2 
4 


BEG 
27 
2 
4 


BHCC 
28 
2 
4 


BHCS 
29 
2 
4 


BPL 
2A 
2 
4 


BMI 
2B 
2 
4 


BMC 
2C 
2 
4 


BMS 
20 
2 
4 


BIL 
2E 
2 
4 


BIH 
2F 
2 
4 


BSR 
AD 
2 
8 


• 
RESETS 
The 
MCV 
can be reset 
two 
ways; 
by initial 
power-up 
and by 


the 
external 
reset 
input (ro:s), see Figure 
6. 
All the 
I/O 
ports 


are initialized 
to input 
mode 
(OORs 
are cleared) 
during 
reset. 


During 
power-up. 
a minimum 
100 
milliseconds 
is needed 


before 
allowing 
the RE input 
to go "High". 
This 
time 
allows 


the 
internal 
crystal 
oscillator 
to stabilize. 
Connecting 
a capaci- 


tor 
to the RES input, 
as shown 
in Figure 
7. 
typically 
provides 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Part of 
HD68P05WO 
MCV 


• 
INTERNAL 
OSCILLATOR 
The internal oscillator circuit is designed to interface with a 


crystal (AT cut, 4 MHz max.) which is sufficient to drive it 
with various stability. 
As shown in Figure 8, a 22 pF capacitor 


is required from EXTAL to ground. 
Crystal specifications are 


given in Figure 9. 
Alternatively, 
EXTAL may be driven with 


a duty cycle of 50% with XTAL connected to ground. 


External 
Clock 
Input 


AT - 
Cut Parallel Resonance Crystal 


Co = 7 pF max. 
I' 
4 MHz (C, :22pF± 
20%) 


Rs = 60 n max. 


• 
INTERRUPTS 
The MCU can be interrupted 
in seven different ways: through 


external 
interrupt 
input pin (IN'F, 
and 1Ni;), internal timer 


interrupt 
request (Timer I, ICI, OCI and OFI) and a software 


interrupt 
instruction 
(SWI). TIiIT, 
and Timer I are generated 


by the same vector address. When interrupt 
occurs, processing 


of the program is suspended, the present CPU state is pushed 
onto 
the 
stack. 
Figure 
10 shows interrupt 
stacking 
order. 


Moreover, the interrupt 
mask bit (I) of the Condition 
Code 


Register 
is set and the 
external 
routine 
priority 
address is 


achieved from the special external vector address. 
After that, 
the 
external 
interrupt 
routine 
is executed. 
The 
interrupt 


Interrupt 
Priority 
Vector 
Address 


11ES" 
1 
$OFFE. $OFFF 


SWI 
2 
$OFFC. $OFFD 


4k bvte, 
IN 
, 
3 
$OFFA, $OFFB 


tVpe 
Timer/INT, 
4 
$OFFB,$OFF9 


ICI 
5 
$OFF6, $OFF7 


DCI 
6 
$OFF4, $OFF5 


DFI 
7 
$OFF2, $OFF3 


Interrupt 
Priority 
Vector 
Address 
~ 
1 
$IFFE,$1FFF 
SWI 
2 
$1FFC,$IFFD 


8k bytes 
INT, 
3 
$1 FFA, $1 FFB 


type 
Timer/lNT, 
4 
$1 FFB, $1 FF9 


ICI 
5 
$1 FF6, $1 FF7 


DCI 
6 
$1FF4,$1FF5 


DFI 
7 
$1 FF2, $1 FF3 


service routines 
normally 
end with 
a return 
from interrupt 


(RTI) instruction 
which allows the CPU to resume processing 


of the program prior to the interrupt. 
The priority interrupts 


are shown in Table 6 with the vector address that contains 
the starting address of the appropriate 
interrupt 
routine. 
The 


interrupt sequence is shown as a flowchart in Figure II. 


Note that the Vector Address when using the 8k byte type 


EPROM is different from the 4k byte type EPROM. 
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1 
1 ,1 
Condition 


Code Register 


Accumu lator 


Index Register 


1 
1 
11 
PCW 


PCL' 


PuSh 


.• For subroutine 
calls, only PCH and peL are stacked. 


1 •..• 1 


7F ...•SP 
O ...•OOR·' 


CLR 
INT Logic 
7F ...•MR 
FF ...•TOR1 
00 ...•TOR2 


7 F -+ Prescaler 1 


7 F -+ Prescaler 2 
50 ...•TCR1 
1C ...•TCR2 


00 ...•TSR2 
10 ...•PCR2 


Type 


SWI 
~ 
TIMER; 
fN"T";" 
ICI 
OCI 
OFI 


Load PC From 


4k bytes 
8k bytes 


$OFFC, $OFFO I $1 FFC, $1 FFO 
$OFFA. 
$OFFB I $lFFA. 
$lFFB 
$OFFB, $OFF9 
I $1 FFB. $1 FF9 
$OFFB.$OFF9 
I $lFFB,$1FF9 
$OFF6. $OFF7 
I $1 FF6. $1 FF7 
$OFF4,$OFF5 
I $lFF4.$lFF5 
$OFF2. $OFF3 
I $lFF2. 
$lFF3 


Figure 11 
Interrupt Flowchart 
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• 
Miscellaneous Register (MR: $OOOA) 
The 
vector 
address 
generated 
by 
the 
external 
interrupt 


(mT.) is the same as that of TIMERI 
as shown in Table 6. 
The miscellaneous register (MR) controls the lNT2 interrupt. 


Miscellaneous Register (MR: $OOOA) 


6543210 


Bit 7 (IRF) of the MR is used as an lNT2 interrupt 
request 


flag. mT2 
interrupt 
occurs at the 1iil'F2 negative edge, and 
IRF is set. mT2 interrupt 
or not can be proved by checking 
IRF by software in the interrupt 
routine of the vector address 


(SFF8, SFF9). 
IRF should be reset by software (BCLR instruc- 


tion). 


Bit 6 (1M) of the MR is an lNT2 interrupt 
mask bit. When 
1M is set, mT; 
interrupt 
is disabled. lNT2 interrupt 
is also 
disabled by bit (I) of the Condition Code Register (CC) like 
other interrupts. 
IRF is available for both read and write. 
However, IRF is 


not writable 
by software. 
Therefore, 
INT2 
interrupt 
cannot 


be requested by software. 
At reset, IRF is cleared and 1M is 


set. 


• 
INPUT/OUTPUT 
There are 23 input/output 
pins. 
All pins are controlled by 


the 
Data Direction 
Register and both 
input 
and output 
are 


programmable. 
When 
programmed 
as output, 
the 
latched 


output 
data is readable as input data, regardless of the logic 


levels at the output pin due to output loading (See Figure 12.) 
When Port B is programmed for output, 
it is capable of sinking 


10 mA on each pin (VOL max. = IV). 
Furthermore, 
Port A is 


CMOS compatible 
as output. 
Ports Band 
C are CMOS com- 


patible as inputs. 
Some examples of the Port connections are 
shown in Figure 13. 


Port Cs and C6 are also used for Timer 2. 
When Port Cs is used as Timer 2 Input Capture (IC), Port 


Cs's DDR should be cleared (port Cs as input) and bit 4 (ICIM) 
in the Timer Control Register 2 (TCR2) should be cleared too. 
The Input 
Capture 
Register (ICR) stores the TDR2 when a 


Port Cs input transition occures as· defined by bit I (IDEG) of 
the TCR2. 


When Port C6 is used as Timer 2 Output Compare (OC), Port 


C6's DDR should be set (port C6 as output). 
When the Output 


Compare Register (OCR) matches the TDR2, bit 0 (OLVL) in 
the TCR2 is set and OLVL will appear at Port C6. Port C6 is 
writable by software. 
But the writing by software is unavailable 


when a match between the TDR2 and the OCR is found at the 
same time. 


Data 
Direction 
Output 
Output 
Input 
to 


Register 
Data 
Bit 
State 
MCU 


Bit 


1 
0 
0 
0 


1 
1 
1 
1 


0 
3·$tate 
Pin 
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• 
INPUT 
Port D is usable as either TTL compatible 
inputs or a 4· 


channel input for an AID converter. 
Fig. 14 shows port D logic 


configuration. 


The Port D register at location $003 stores TTL compatible 


inputs. 
When using as analog inputs 
for an AID converter, 
refer to "AID CONVERTER". 
. 


• 
AID 
CONVERTER 


The HD68P05WO has an internal 8 bit AID converter. 
The 


AID converter, 
shown in Figure IS, includes 4 analog inputs 


(ANa to AN,), 
the Result Register (ADRR) and the Control 


Status Register (ADCSR). 


CAUTION 


The MCU has circuitry to protect the inputs against damage 


due to high static voltages or electric field; however, the design 
of the input circuitry for the AID converter, ANa - AN" VRH 
and AVec, 
does not offer the same level of protection. 
Pre- 


cautions should be taken to avoid applications 
of any voltage 


higher than maximum-rated 
voltage or handled in any environ- 


ment producing high-static voltages. 
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• 
Analog 
Input 
(ANa 
to AN)) 


Analog 
inputs 
ANa 
to 
AN) 
accept 
analog 
voltages 
of OV 


to 5V. The 
resolution 
is 8 bits (256 
divisions) 
with 
a conversion 


time 
of 
76 
fJ.S at 
I 
MHz. 
Analog 
conversion 
starts 
selecting 


analog 
inputs 
by 
bit 
0 and 
bit 
I of the 
ADCSR 
analog 
input. 
Since 
the 
CPU 
is not 
required 
during 
conversion, 
other 
user 
programs 
can be executed. 


ADCSR 


Bit 1 
Bit 0 
Analog 
Input 
Signal 


0 
0 
ANa 


0 
1 
AN, 


1 
0 
AN, 


1 
1 
AN) 


• 
A/D Control 
Status 
Register 
(ADCSR: 
$OOOE) 


The 
Control 
Status 
Register 
(ADCSR) 
is 
used 
to 
select 


analog 
input 
pin 
and 
confirm 
A/D 
conversion 
termination. 


An 
analog 
input 
pin is selected 
by bit 0 and 
bit 
I as shown 
in 
Table 
7. 


A/D 
conversion 
begins 
when 
the 
data 
is written 
into 
bit 0 


and 
bit 
I 
of 
the 
ADCSR. 
When 
A/D 
conversion 
ends, 
bit 
7 
(CEND) 
is set. 
Bit 
7 is reset 
after 
the 
ADRR 
is read. 
Even 
if 


bit 
7 is set, 
A/D 
conversion 
execution 
still continues. 
To end 


the 
A/D conversion, 
the A/D Result 
Register 
(ADRR) 
stores 
the 


most 
current 
value. 
During 
A/D 
conversion 
execution, 
new 


data 
is written 
into 
the 
ADCSR 
selecting 
the input 
channel 
and 


the 
A/D 
conversion 
execution 
at that 
time 
is suspended. 
CEND 


is reset 
and new A/D conversion 
begins. 


• 
A/D Result 
Register 
(ADRR: 
$OOOF) 


When 
the 
A/D 
conversion 
ends, 
the 
result 
is set in the 
A/D 
Result 
Register 
($OOOF). 
When 
CEND 
of 
the 
ADCSR 
is set, 


converted 
result 
is obtained 
by 
reading 
the 
ADRR. 
Further· 


more, 
CEND 
is cleared. 


• 
STANDBY 
RAM 


The 
portion 
from 
5020 
to 5027 
of the RAM can be used 
for 


the standby 
RAM. 


When 
using 
the 
standby 
RAM, 
Vcc 
Standby 
should 
remain 


above 
VSBB (min) 
during 
powerdown. 
Consequently, 
power 
is 


provided 
only 
to the 
standby 
RAM 
and 
STBY 
PWR bit of the 
RAM 
Control 
Register. 
8 byte 
RAM 
is sustained 
with 
small 


power 
dissipation. 
The 
RAM 
including 
the 
standby 
RAM 
is 
controlled 
by the RAM Control 
Register 
(RCR) 
or RAME 
pin. 


• 
RAM Control 
Register 
(RCR: 
$001 F) 
This 
register 
at location 
$0 I F gives 
the 
status 
information 


about 
the 
RAM. 
When 
RAM 
Enable 
bit 
(RAM E) 
is "0", 
the 


RAM 
is disabled. 
When 
Vcc 
Standby 
is greater 
than 
VSBB, 


Standby 
Power 
bit (STBY 
PWR) 
is set and the standby 
RAM is 


sustained 
during 
powerdown. 


S001 F I_S_T_B_Y_ 
_ 
PWA 


6543210 


RAME~ 


Bit 6 RAM Enable 
RAME 
bit 
is set 
or cleared 
by either 
software 
or hardware. 


When 
the 
MCU 
is reset, 
RAME 
bit is set and 
the 
RAM 
is ena· 


bled. 
If RAME 
bit is cleared, 
the user can neither 
read nor write 


the RAM. 
When 
the 
RAM 
is disabled 
(logic 
"0"), 
the 
RAM 
address 
is 


invalid. 


Bit 7 Standby 
Power 


STBY 
PWR 
bit 
is cleared 
whenever 
Vcc 
standby 
decreases 


below 
VSBB (min). 
This 
bit 
is a read/write 
status 
bit that 
the 


user 
can read. 
When 
this 
bit is set, it indicates 
that 
the standby 


power 
is applied 
and data 
in the standby 
RAM is valid. 


• 
RAME Signal 
RAME 
bit 
in the 
RCR 
can 
be cleared 
when 
RAME 
pin goes 


"Low" 
by hardware 
(RAM 
is disabled). 
To make 
standby 
mode 


by 
hardware, 
set 
RAME 
pin 
"Low" 
during 
V cc 
Stanc1by 
reo 


mains 
above 
VSBB (min) 
and powerdown 
sequence 
should 
be as 


shown 
in Fig. 17. 
When 
RAME 
pin 
gets 
"Low" 
in the 
powerup 
state, 
RAME 


bit 
of 
the 
RCR 
is cleared 
and 
the 
RAM 
is disabled. 
During 


powerdown, 
RAME 
bit 
is sustained 
by Vcc 
Standby. 
When 


RAME 
pin gets "High" 
in the 
powerup 
state, 
RAME 
bit of the 


RCR is set and the RAM is enabled. 


RAME 
pin can be used 
to control 
the RAM externally 
with· 
out 
software. 


/ 


eA.:.. '""" 
t--R-AM-Oi-sab-Ie-r 


• 
BIT 
MANIPULATION 


The 
MCU 
has 
the 
ability 
to set or clear 
any 
single 
RAM 
or 


input/output 
port 
(except 
the 
data 
direction 
registers) 
with 
a 
single 
instruction 
(BSET 
and 
BCLR). 
Any 
bit in the 
page zero 


read 
only 
memory 
can 
be 
tested 
by 
using 
the 
BRSET 
and 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave.• 
San Jose, CA 95131 • (408) 435-8300 


BRCLR instructions, 
and the program branches as a result of 


its state. This capability to work with any bit in RAM, ROM or 
I/O allows the user to have individual flags in RAM or to handle 
single I/O bits as control lines. The example in Figure 18 shows 
the usefulness 
of the bit manipulation 
and test instructions. 
Assume that bit 0 of port A is connected 
to a zero crossing 


detector 
circuit and that bit I of port A is connected 
to the 


trigger of a TRIAC 
which powers the controlled 
hardware. 
This program, 
which uses only seven bytes of ROM pro- 


vides tUfIl-<lnof the TRIAC within 14 microseconds of the zero 
crossing. The timer is also incorporated 
to provide tUfIl-<lnat 


some later time which permits pulse-width modulation 
of the 


controlled power.' 
•······ 
BRClRO. 
PORTA. 
SELF 
1 
BSET 
1. PORTA 
BClR 
1. PORTA 


• 
ADDRESSING 
MODES 


The MCV has ten addressing modes available for use by the 


programmer. 
These modes are explained and illustrated briefly 


in the following paragraphs. 


• 
Immediate 
Refer to Figure 19. The immediate addressing mode accesses 


constants which do not change during program execution. Such 
instructions 
are two bytes long. The effective address (EA) is 


the PC and the operand is fetched from the byte following the 
opcode. 


• 
Direct 
Refer to Figure 20. In direct addressing, the address of the 


operand 
is contained 
in the 
secondbyte 
of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take a'dvantage of 
this efficient memory addressing made. 


• 
Extended 
Refer to Figure 21. Extended addressing is used to reference 


any location 
in memory space. The EA is the contents of the 


two bytes following the opcode. Extended 
addressing instruc- 


tions are three bytes long. 


• 
Relative 
Refer to Figure 22. The relative addressing mode applies only 


to the branch 
instructions. 
In this mode the contents 
of the 
byte following the opcode 
is added 
to the program counter 


when the branch is taken. EA = (PC) +2 + ReI. ReI is the con- 
tents of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken, Rei = 0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 bytes of the present instruction. 
These instructions are two bytes long. 


• 
Indexed (No Offset) 
Refer to Figure 23. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions 
are one byte 


long and their EA is the contents of the index register. 


• 
Indexed (B-bit Offset) 
Refer to Figure 24. The EA is calculated by adding the con- 
tents of the byte following the opcode to the contents of the 
index register. In this mode, 
511 low memory locations are 
accessable. These instructions occupy two bytes. 


• 
Indexed (16-bit Offset) 
Refer to Figure 25. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. 
Instructions 
which 
use 
this 
addressing 
mode 
are 


three bytes long. 


• 
Bit Set/Clear 
Refer 
to Figure 
26. This mode 
of addressing applies to 


instructions 
which can set or clear any bit on page zero. The 


lower three bits in the opcode 
specify the bit to be set or 


cleared 
while 
the 
byte 
following 
the 
opcode 
specifies the 


address in page zero. 


• 
Bit Test and Branch 
Refer 
to Figure 
27. This mode 
of addressing applies to 


instructions 
which can test any bit in the first 256 locations 
($0000 through $OOFF) and branch to any location relative to 
the PC. The byte to be tested is addressed by the byte following 
the opcode. 
The individual bit within that byte to be tested 
is addressed by the lower three bits of the opcode. The third 
byte is the relative address to be added to the program counter 
if the branch 
condition 
is met. These instructions 
are three 


bytes long. The value of the bit to be tested is written to the 
carry bit in the condition code register. 


• 
Implied 
Refer to Figure 28. The implied mode of addressing has 


no EA. All of the information necessary to execute an instruc- 
tion 
is contained 
in the opcode. 
Direct 
operations 
on the 


accumulator 
and the index register are included in this mode 


of addressing. 
In addition, 
control 
instructions 
such as SWI 
and RTI belong to this .group. All implied addressing instruc- 
tions are one byte long. 
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PROG LOA #$F8 
05BE 


05BF 


PROG 
LOA 
CAT 
0520 


052E 


I 
I 
I8 
I 
I 
I 
I 


I 
I§ 


I 
I 
II 


Index 
eg1-- 


05eo 


ee1==== 


1,---------, 


Stack 
Point 


=============1============== 


052F 


ee1==== 
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I 
I 


~ 
I 
I 
I 
I 
I 
I 


i 
I 
I 


~ 
::F==81 
MOBE=jJ 


I 
I 


I 
I 


-------, I 
I 
: 


~ 
I 
I 


PROG 
BEG 
PROG2 
04A 7 
27 


04A8 
18 


~ 
I 


I_- 


Stack Point 
====1==== 


cc1_- 


AI__ 


Index Reg 


I__ 


Stack 
Point 
I 
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Stack Point 


=============1============= 


05F5 


CC1==== 
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Memory 


i 
I 
I 
I 


~ 


A 


DB 


Index Reg 


I 
I 
02 


PRDG 
LQA 
TABL.'~"§ 


Stack Point 


0693 
07 


0694 
7E 
Prog Count 


0695 


I 
I 
CC 


TABL 
FCB 
#BF 
077E 
BF 
I 


FCB 
#86 
077F 
86 


FCB 
#DB 
0780 
DB 


FCB 
#CF 
0781 
CF 


AI~_--, 


PRDG 
BCLR 
6. PORT B 
058F 


0590 


Prog Count 


0591 


, 
I 
, 
I 


~ 
I 
I 
I 
I 
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PROG 
BRCLR 
2. PORT 
C. 
PROG 
2 
0574 


0575 


0576 


i 
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I 
I 


~ 
I 
I 
I 
I 
"~'8 


I 
I 


I 
I 


~ 


A1==== 
Index Reg 
l_~ 


Stack POint 


I 


I 
I 


~ 


05BB 


CC 
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• 
INSTRUCTION 
SET 


The MCV 
has a set of 59 basic instructions. These instruc- 


tions can be divided into five different types; register/memory, 
read/modify/write, 
branch, bit manipulation 
and control. Each 


instruction 
is briefly explained below. All of the instructions 


within a given type are presented in individual tables. 


• 
Register/Memory Instructions 
Most of these instructions 
use two operands. One operand 


is either 
the 
accumulator 
or the 
index 
register. The other 


operand is obtained from memory by using one of the address- 
ing modes. 
The jump 
unconditional 
(JMP) and jump to sub- 


routine 
(JSR) instructions 
have no register operand. Refer to 


Table 8. 


• 
Read/ModifylWrite 
Instructions 


These instructions 
read a memory 
location 
or a register, 


modify or test its contents 
and write the modified value back 


to the memory 
or register. The TST instruction 
for test of 


negative 
or 
zero is an exception 
to the 
read/modify/write 


instructions 
since it does not perform the write. Refer to Table 


9. 


• 
Branch Instructions 
The branch 
instructions 
cause a branch 
from a program 
when a certain condition is met. Refer to Table 10. 


• 
Bit Manipulation Instructions 
These instructions are used on any bit in the first 256 bytes 


of the memory. 
One group either 
sets or clears. The other 
group performs 
the bit test and branch operations. 
Refer to 


Table 11. 


• 
Control Instructions 
The control instructions 
control the MCV operations during 


program execution. Refer to Table 12. 


• 
Alphabetical Listing 
The complete instruction 
set is given in alphabetical 
order 


in Table 13. 


• 
Opcode Map 
Table 14 is an opcode map for the instructions 
used on the 


MCV. 
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Addressing Modes 
- 


Function 
Mnemonic 
Extended 
Indexed 
Indexed 
Indexed 
Immediate 
Direct 
(No Offset) 
(8-Bit Offset) 
(16-Bit 
Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
8ytes 
Cycles 
Code 
8ytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
8ytes 
Cycles 
Code 
Bytes 
Cycles 


Load A from Memory 
LDA 
A6 
2 
2 
B6 
2 
4 
C6 
3 
5 
F6 
1 
4 
E6 
2 
5 
D6 
3 
6 


Load X from 
Memory 
LDX 
AE 
2 
2 
BE 
2 
4 
CE 
3 
5 
FE 
1 
4 
EE 
2 
5 
DE 
3 
6 


Store A in Memory 
STA 
- 
- 
- 
B7 
2 
5 
C7 
3 
6 
F7 
1 
5 
E7 
2 
6 
D7 
3 
7 


Store X in Memory 
STX 
- 
- 
- 
BF 
2 
5 
CF 
3 
6 
FF 
1 
5 
EF 
2 
6 
DF 
3 
7 


Add Memory to A 
ADD 
AB 
2 
2 
BB 
2 
4 
CB 
3 
5 
FB 
1 
4 
EB 
2 
5 
DB 
3 
6 


Add Memory and 
ADC 
A9 
2 
2 
B9 
2 
4 
C9 
3 
5 
F9 
1 
4 
E9 
2 
5 
D9 
3 
6 
Carry to A 


Subtract 
Memory 
SUB 
AO 
2 
2 
BO 
2 
4 
CO 
3 
5 
FO 
1 
4 
EO 
2 
5 
DO 
3 
6 
---- 


Subtract 
Memory from 
SBC 
A2 
2 
2 
B2 
2 
4 
C2 
3 
5 
F2 
1 
4 
E2 
2 
5 
D2 
3 
6 
A with 
Borrow 


AND Memory to A 
AND 
A4 
2 
2 
B4 
2 
4 
C4 
3 
5 
F4 
1 
4 
E4 
2 
5 
D4 
3 
6 


OR Memory 
with A 
ORA 
AA 
2 
2 
BA 
2 
4 
CA 
3 
5 
FA 
1 
4 
EA 
2 
5 
DA 
3 
6 


Exclusive OR Memory 
EaR 
A8 
2 
2 
B8 
2 
4 
C8 
3 
5 
F8 
1 
4 
E8 
2 
5 
D8 
3 
6 
with 
A 


Arithmetic 
Compare A 
CMP 
A1 
2 
2 
B1 
2 
4 
Cl 
3 
5 
Fl 
1 
4 
E1 
2 
5 
D1 
3 
6 
with 
Memory 


Arithmetic 
Compare X 
CPX 
A3 
2 
2 
B3 
2 
4 
C3 
3 
5 
F3 
1 
4 
E3 
2 
5 
D3 
3 
6 
with 
Memory 


Bit Test Memory with 
A 
BIT 
A5 
2 
2 
B5 
2 
4 
C5 
3 
5 
F5 
1 
4 
E5 
2 
5 
D5 
3 
6 
(Logical Compare) 


Jump Unconditional 
JMP 
- 
- 
- 
8C 
2 
3 
CC 
3 
4 
FC 
1 
3 
EC 
2 
4 
DC 
3 
5 


Jump to Subroutine 
JSR 
- 
- 
- 
BD 
2 
7 
CD 
3 
8 
FD 
1 
7 
ED 
2 
8 
DD 
3 
9 


• 
~o~ 
.j>, 
W 
01 
Co 
Symbols: 


U) 
Op : Operation 
Abbreviation 
8 
# 
; Instruction 
Statement 


Addressing Modes 


Function 
Mnemonic 
Implied 
(A) 
Implied 
(X) 
Direct 
Indexed 
Indexed 


(No Offset) 
(8-8it 
Offset) 


Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Increment 
INC 
4C 
1 
4 
5C 
1 
4 
3C 
2 
6 
7C 
1 
6 
6C 
2 
7 


Decrement 
OEC 
4A 
1 
4 
5A 
1 
4 
3A 
2 
6 
7A 
1 
6 
6A 
2 
7 


Clear 
CLR 
4F 
1 
4 
5F 
1 
4 
3F 
2 
6 
7F 
1 
6 
6F 
2 
7 


Complement 
COM 
43 
1 
4 
53 
1 
4 
33 
2 
6 
73 
1 
6 
63 
2 
7 


Negate 
NEG 
40 
1 
4 
50 
1 
4 
30 
2 
6 
70 
1 
6 
60 
2 
7 
(2's Complement) 


Rotate 
Left Thru Carry 
ROL 
49 
1 
4 
59 
1 
4 
39 
2 
6 
79 
1 
6 
69 
2 
7 


Rotate 
Right Thru Carry 
ROR 
46 
1 
4 
56 
1 
4 
36 
2 
6 
76 
1 
6 
66 
2 
7 


Logical Shift 
Left 
LSL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Logical Shift 
Right 
LSR 
44 
1 
4 
54 
1 
4 
34 
2 
6 
74 
1 
6 
64 
2 
7 


Arithmetic 
Shift 
Right 
ASR 
47 
1 
4 
57 
1 
4 
37 
2 
6 
77 
1 
6 
67 
2 
7 


Arithmetic 
Shift 
Left 
ASL 
48 
1 
4 
58 
1 
4 
38 
2 
6 
78 
1 
6 
68 
2 
7 


Test for Negative or 
TST 
40 
1 
4 
50 
1 
4 
3D 
2 
6 
70 
1 
6 
60 
2 
7 
Zero 


Symbols: 
Op: Operation 
Abbreviation 
~ 
: Instruction 
Statement 


Relative Addressing Mode 
Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Branch Always 
BRA 
20 
2 
4 


Branch Never 
BRN 
21 
2 
4 


Branch IF Higher 
BHI 
22 
2 
4 


Branch IF Lower or Same 
BLS 
23 
2 
4 


Branch IF Carry Clear 
BCC 
24 
2 
4 


(Branch IF Higher or Same) 
(BHS) 
24 
2 
4 


Branch IF Carry Set 
BCS 
25 
2 
4 


(Branch IF Lower) 
(BLO) 
25 
2 
4 


Branch IF Not Equal 
BNE 
26 
2 
4 


Branch IF Equal 
BEQ 
27 
2 
4 


Branch IF Half Carry Clear 
BHCC 
28 
2 
4 


Branch IF Half Carry Set 
BHCS 
29 
2 
4 


Branch IF Plus 
BPL 
2A 
2 
4 


Branch IF Minus 
BMI 
2B 
2 
4 


Branch IF Interrupt 
Mask Bit is Clear 
BMC 
2C 
2 
4 


Branch IF Interrupt 
Mask Bit is Set 
BMS 
2D 
2 
4 


Branch IF Interrupt 
Line is Low 
BIL 
2E 
2 
4 


Branch IF Interrupt 
line 
is High 
BIH 
2F 
2 
4 


Branch to Subroutine 
BSR 
AD 
2 
8 


Symbols: 
Op: Operation Abbreviation 
#: Instruction Statement 


Table 11 
Bit Manipulation 
Instructions 


Addressing Modes 


Function 
Mnemonic 
Bit SetlClear 
Bit Test and Branch 


Op 
# 
# 
Op 
# 
# 


Code 
Bytes 
Cycles 
Code 
Bytes 
Cycles 


Branch IF Bit n is set 
BRSET n (n=O ..... 7) 
- 
- 
- 
20n 
3 
10 


Branch IF Bit n is clear 
BRCLR n (n=O .....7) 
- 
- 
- 
01+2on 
3 
10 


Set Bit n 
BSET n (n=O ..... 7) 
10+2on 
2 
7 
- 
- 
- 


Clear bit n 
BCLR n (n=O ..... 71 
11+2on 
2 
7 
- 
- 
- 


Symbols: 
Op; Operation Abbreviation 
#: Instruction Statement 


Table 12 
Control 
Instructions 


Implied 


Function 
Mnemonic 
Op 
# 
# 


Code 
Bytes 
Cycles 


Transfer A to X 
TAX 
97 
1 
2 


Transfer X to A 
TXA 
9F 
1 
2 


Set Carry Bit 
SEC 
99 
1 
2 


Clear Carry Bit 
CLC 
98 
1 
2 


Set Interrupt 
Mask Bit 
SEI 
9B 
1 
2 


Clear Interrupt 
Mask Bit 
Cli 
9A 
1 
2 


Software Interrupt 
SWI 
83 
1 
11 


Return from Subroutine 
RTS 
81 
1 
6 


Return from 
Interrupt 
RTI 
80 
1 
9 


Reset Stack Pointer 
RSP 
9C 
1 
2 


No·Operation 
NOP 
9D 
1 
2 
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Addressing 
Modes 
Condition 
Code 


Mnemonic 
Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 
Offset) 
Clear 
Branch 


ADC 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


ADD 
x 
x 
x 
x 
x 
x 
/\ • 
/\ 
/\ 
/\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
ASL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ASR 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


BCC 
x 
• • • • • 
BCLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEG 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
BHS 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
BLO 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 
BRN 
x 
• • • • • 
BRCLR 
x 
• • • • 
/\ 


BRSET 
x 
• • • • 
/\ 


BSET 
x 
• • • • • 
BSR 
x 
• • • • • 
CLC 
x 
• • • • 
a 


CLI 
x 
• 
a • • • 
CLR 
x 
x 
x 
x 
• • 
a 
1 • 
CMP 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


COM 
x 
x 
x 
x 
• • 
/\ 
/\ 
1 


CPX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


DEC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
EaR 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


INC 
x 
x 
x 
x 
• • 
/\ 
/\ • 
JMP 
x 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
x 
x 
• • • • • 
LOA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


Condition 
Code Symbols. 


H 
Half 
Carry 
(From 
Bit 
3) 


I 
Interrupt 
Mask 


N 
Negative 
(Sign Bit) 
Z 
Zero 


C 
Carry 
BorrO\l\l 


1\ 
Test and Set jf True. Cleared Otherwise 
Not Affected 
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Addressing 
Modes 
Condition 
Code 


Imme- 
Ex- 
Re- 
Indexed 
Indexed 
Indexed 
Bit 
Bit 


Mnemonic 
Implied 
diate 
Direct 
tended 
lative 
(No 
(8 Bits) 
(16 Bits) 
Setl 
Test & 
H 
I 
N 
Z 
C 


Offset) 
Clear 
Branch 


LSL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


LSR 
x 
x 
x 
x 
• • 
a 
/\ 
/\ 


NEG 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


ROL 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


ROR 
x 
x 
x 
X 
• • 
/\ 
/\ 
/\ 


RSP 
x 
• • • • • 


RTI 
x 
? 
) 
) 
) 
) 


RTS 
x 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 


STA 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


STX 
x 
x 
x 
x 
x 
• • 
/\ 
/\ • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
/\ 
/\ 
/\ 


SWI 
x 
• 
1 • • • 


TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
/\ 
/\ • 


TXA 
x 
• ·1· • • 


Condition 
Code Symbols: 


H 
Half Carry (From Bit 31 


I 
Interrupt 
Mask 
N 
Negative 
(Sign 
Bitl 


Z 
Zero 


C 
Carry/Borrow 


/\ 
Test and set 
if True. 
Cleared 
Otherwise 


• 
Not A ffeeted 


"] 
Load CC Register From Stack 


Bit 
Manipulation 
Brnch 
Read/Mod.fy(INrlte 
Control 
Register/Memory 


Test 
& 
Set/ 
A., 
OIA 
I 
A 
I 
X 
i 


,XI 
I 
,XC 
IMP 
IMP 
IMM 
I 
DIA 
I EXT 
I 
,X2 
I X1 
I 
,XC 
Branch 
Clear 


0 
I 
2 
3 
4 
I 
5 
I 
6 
I 
7 
B 
9 
A 
I 
B 
I 
C 
I 
0 
I 
E 
I 
F 
-H 


0 
BRSETO 
BSETO 
BAA 
NEQ 
Rn- 
- 
SUB 
0 


1 
BRCLRQ 
BCLRQ 
BAN 
- 
RTS· 
- 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
- 
- 
- 
SBC 
2 


3 
BRCLRl 
BeLAl 
BLS 
COM 
SWI- 
- 
CPx 
3 


4 
BRSET2 
BSET2 
BCC 
LSA 
- 
- 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
- 
- 
- 
BIT 
5 


6 
BRSET3 
85ET3 
BNE 
AQA 
- 
- 
LOA 
6 


7 
BRCLR3 
BeLA] 
BEQ 
ASA 
- 
TAX 
- 
STA(+l) 
7 


B 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
- 
CLC 
EQA 
B 


2 
..!!.ACLR4 
BCLR4 
SHes 
AOL 
- 
SEC 
AOC 
9 


A 
BASET5 
BSET5 
BPL 
OEC 
- 
CLI 
OAA 
A 


~ 
•.1l•.F'CL~~ 
Bf-~F!-5 
BMI 
- 
- 
SEI 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
- 
ASP 
- 
I 
JMP(-O 
C 


0 
BRCLA6 
8CL~ 
BMS 
TST 
- 
NOP 
BSA·I 
J$R(+3) 
0 


E 
BRSET7 
85ET7 
BIL 
- 
- 
- 
LOX 
E 


F 
BRCLR7 
BeLR7 
BIH 
CLA 
- 
TXA 
- 
I 
STXI+1) 
F 


3/10 
2/7 
2/4 
2/6 
I 
1/4 
I 
1/4 
I 2/7 
I 1/6 
1/' 
1/2 
2/2 
I 
2/4 
I 3/5 
i 3/6 
I 2/5 
I 1/4 


1. 
Undefined 
opcodes are marked with 
"-". 


2. 
The number at the bOllom 
of each column denotes the number of bytes and the number of cycles required (Bytes/Cycles), 
MnemoniCS followed 
by a "." 
reQuire a different 
number of cycles as follows: 


ATt 
9 
ATS 
6 


SWI 
11 
BSA 
8 


3. 
t 
) indicates that the number in parenthesis must be added to the cycle count for that instruction. 
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• 
HD68P05WO 
USED 
FOR 
HD6805W1 


The HD6805WI 
provides mask option of the internal oscil- 


lator and low voltage inhibit, while the HD68P05WO provides 
only crystal option and without low voltage inhibit function. 


The address from $OF7A to $OFFI cannot be used for user 


program because the self test program of the HD6805WI (on- 


~, 
""'" 
~, 
,. 
.- 
_ .. 


on,,. 


.•.. 


C~91 


""'" 
""'" 
""' .. 
""'" 
""' .. 
""'" 
""'" 
"."'.",CTFllRtt1 
SOOl9 


100' .•.•• 
""''' 
T_ 
c•••Rot 
, 
SOQ1C 


au"•.."e- •••R01I 
$0010 


tOO1E" 
""'" 
""',. 
S,_",*,Mle81" 
I 
• 
• 
soo:n 
""''" 
) 


chip ROM version) is located at these addresses. 


In order to be pin compatible 
with the HD6805W I, the 


address of the HD68P05WO's ROM must be located at $0080 - 
$OFFF. 
Memory addresses $\000 
to $IFFF 
should not be 


usable. 


I000O...•' 
...•, 


s0003" 
•.....- 
"""". 
....,.. 
...•, 


SOOO8 
too09...•. 
..... 
soooc 


10000 


1000' 


SOOOF" 
"""0 


...•, 


s0003" 
•...... 
"""". 
SOOO8' 


1000' 


SOOO8 


""'" 
1000 • 
..... 
soooc 


10000 


1000' 


SOOOF" 
""''' 
""''' 
..." 
..." 
..... 
""''' 
..... 
..." 
..." 
..." 
$001 •••" 
..." 
••• 'C 
""0 
$DOlE" 
..." 
...,. 


sJo21...'" 


-CAUTION 
- 


This 
8k 
bytes type should not be used debugging 
on-chip ROM of the HD6805W 1. 
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• 
PRECAUTION 
TO USE EPROM 
ON THE PACKAGE 
a-BIT 
SINGLEoCHIP 
MICROCOMPUTER 


As this microcomputer 
takes a special packaging type with 
pin sockets on its surface, pay attention to the followings; 
(I) 
Do not apply higher electro-static 
voltage or serge voltage 


etc. 
than 
maximum 
rating, 
or it may cause permanent 
damage to the device. 
(2) There are 28 pin sockets on its surface. When using 32k 


let the index·side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 


o 
0 
o 
0 
o 
0 
o 
0 
o 
0 


EPROM (24 pins), let the index-side four pins open. 
(3) When assembling this LSI into user's system products 
as 


well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention 
to the followings to keep the good ohmic 


contact between EPROM pins and pin sockets. 
(a) 
When soldering on a printed circuit board, etc., keep its 
condition 
under 250· C within 10 seconds. Over-time/ 


temperature 
may cause the bonding solder of socket 


pins to meet and the sockets may drop. 
(b) 
Keep out detergent 
or coater from the pin sockets at 


aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 


(c) 
Avoid the permanent 
use of this LSI under the ever- 


vibratory place and system. 
(d) Repeating insertion/removal 
of EPROMs may damage 


the contactivity 
of the pin sockets, so it is recommend- 


ed to assemble new ones to your system products. 
Ask our sales agent about anything unclear. 


806 
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HD63P01 M1 ,HD63PA01 M1 , 
HD63PB01 M1 
CMOS MCU (Microcomputer Unit) 


The HD63POIMI is an 8-bit single chip Microcomputer Unit 


(MeU) 
which has 4096 bytes or 8192 byles of EPROM on 


the package. It is pin and function (except ROM) compatible 
with the HD630lVI. 
The HD63POIMI can be used to emulate 


the HD630 IVI for software development or it can be used in 
production 
to allow for easy firmware changes with minimum 


delay. 


• 
FEATURES 
• 
Pin CompatIble with HD6J01V1 


• 
On Chip Function Compatible with HD6J01V1 


• 128 Bytes of RAM 
• 29 Parallel I/O 
·16 Bit Programmable Timer 
• Serial Communication 
Interface 


• 
Low Power Consumption Mode 


Sleep Mode, Standby Mode 


• 
Minimum Instruction Cycle Time 


II's (f = 1MHz). 0.671's (f = 1.5MHz). 
0.51's (f = 2MHz) 


• 
Bit Manipulation. Bit Test Instruction 


• 
Protection from System Upset 
Address Trap, Op-Code Trap 


• 
Up to 65k Words Address Space 


• 
Applicable to 4k or 8k Bytes of EPROM 


4096 Bytes: HN482732A 
8192 Bytes: HN4B2764, HN27C64 


OVcc 
OA12 
OA, 
OA, 
OA, 
OA, 
OA, 
OA, 
OA, 


OAo 
000 
00, 
00, 
oVss 


Type No. 
Bus Timing 
EPROM Type No. 


HD63P01M1 
1MHz 
HN482732A-JO, HN482764-3, HN27C64-JO 


HD63PA01M1' 
1.5MHz 
HN482732A-30, HN482764-3, HN27C64-30 


HD63PB01M1' 
2MHz 
HN482732A-25, HN482764, HN27C64-25 
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P" 
PIG 
P" 
Address 
P" 
P" 
P" 
P" 
P" 
P•• 
P" 
P" 
PIS 
P" 
P" 
P" 
P" 


On Package 
1----------- --- I 
, 
, 


I 
,.." 


I 
A, , 
A,I 
A,' 
A,' 
A" I 
"": 
A,I 
EPROM 
"'""'" 
A10I 


[HN482732A J 
Alii 
Aul 
HN482764 
nt' 
HN27C64 
1 
I 
I 
I 
001 
0,1 
0,' 
0••• 
0,: 
Input 
0.' 
00' 
00' 
0,: 
I 
__________ 
-.J 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vee 
-0.3 - +7.0 
V 


Input Voltage 
Vin 
-0.3 - 
Vee+O.3 
V 
Operating Temperature 
Top" 
0-+70 
°c 


Storage Temperature 
TItg 
-55 -+150 
°c 


(NOTE) 
This product has protection 
circuits in input terminal 
from high static electricity 
voltage and high electric field. 


But be careful not to apply overvoltage more than maximum 
ratings to these high input impedance protection 


circuits. To assure the normal operation, 
we recommend 
Vin. Vout: 
VSS 
:;; (V in or Vout) 
:;; Vcc. 


• 
ELECTRICAL CHARACTERISTICS 


• 
DC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = OV,Ta = 0-+70°C, 
unless otherwise noted.) 


Item 
Symbol 
Test Conditio·n 
min 
typ 
max 
Unit 


AN,STBY 
Vee-0.5 
- 
Vee 
Input "High" Voltage 
EXTAL 
V1H 
VeexO.7 
- 
+0.3 
V 


Other Inputs 
2.0 
- 


Input "Low" Voltage 
All Inputs 
V1L 
-0.3 
- 
O.B 
V 


Input Leakage Current 
NMI, iRQ., m, STBY 
IIInI 
Vln =0.5-Vee-0.5V 
- 
- 
1.0 
IJA 
Three State loff·statel 
P,o-P17, 
P'O-P'4. 
IITs,1 
VI" =0.5-Vec-0.5V 
- 
- 
1.0 
IlA 
Leakage Current 
P30-P37• 
p•• -P47• TS3 
IOH = -200IlA 
2.4 
- 
- 
V 
Output "High" Voltage 
All Outputs 
VOH 
IOH- -lOIlA 
Vee-0.7 
- 
V 
- 
Output "Low" Voltage 
All Outputs 
VOL 
IOL = 1.6mA 
- 
- 
0.55 
V 


Input Capacitance 
All Inputs 
Cin 
V1n=OV.f= 1.0MHz, 
- 
- 
12.5 
pF 
Ta = 25°C 


Standby Current 
Non Operation 
Ire 
- 
2.0 
15.0 
IlA 


Current Dissipation" 
::lperating(f=l MHz"") 
- 
6.0 
10.0 


Ice 
Sleeping If=1MHz"") 
1.0 
2.0 
mA 
- 
RAM Stand· By Voltage 
VRAM 
2.0 
- 
- 
V 


• V1H min '"'vcc-1.OV, 
VIL 
max = O.8V. Ice of EPROM is not included . 


•• 
Current 
Dissipation of the operating or sleeping condition 
is proportional 
to the operating frequency. 
So the typo or max. 
wlu. 
about Current 
Dissipations 8t f 
:I: X MHz operation 
are decided according to the following 
formula; 


typo value 
(f E x MHz) 
& typo value 
(f & 1MHz) x x 
max. value 
U c x MHz) 
• max. value (f c 1MHz) 
x x 


(both the sleeping and operating) 
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• 
AC CHARACTERISTICS 
(Vcc 
a 5.0V±10%, 
Vss = OV, Ta = 0-+70°C, 
unless otherwise 
noted.) 


BUS TIMING 


Test 
HD63P01Ml 
HD63PA01Ml 
HD63PB01Ml 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 - 
10 
O.~ - 
10 
0.5 
- 
10 
IJS 


Address Strobe Pulse Width 
PWASH 
220 
150 
110 
"High" 
• 
- 
- 
- 
- 
- 
- 
ns 


Address Strobe 
Rise Time 
tASr 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Address Strobe Fall Time 
tASI 
- 
- 
20 - 
- 
20 - 
- 
20 
os 


Address Strobe Delay Time' 
tASD 
60 - 
- 
40 - 
- 
20 - 
- 
os 


Enable Rise Time 
tEr 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Enable Fall Time 
tEl 
- 
- 
20 - 
- 
20 - 
- 
20 
ns 


Enable Pulse Width 
"High" 
Level' 
PWEH 
450 
- 
- 
300 
- 
- 
220 - 
- 
ns 


Enable Pulse Width 
"Low" 
Level' 
PWEL 
450 
- 
- 
300 
- 
- 
220 - 
- 
ns 


Address Strobe to Enable Delay' 
tASED 
60 - 
- 
40 - 
- 
20 - 
- 
ns 
Time 


tAD' 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 
Address Delay Time 
Fig. 1 
250 
190 
- 
160 
tAD2 
- 
- 
- 
- 
- 
ns 


Address Delay Time for Latch' 
tADL 
Fig. 2 
- 
- 
250 
- 
- 
190 - 
- 
160 
ns 


Write 
tDSW 
230 - 
- 
150 - 
- 
100 - 
- 
ns 
Data Set-up Time 


Read 
80 
60 
50 
tDSR 
- 
- 
- 
- 
- 
- 
ns 


Read 
tHR 
0 - 
- 
0 - 
- 
0 - 
- 
ns 
Data Hold Time 


Write 
tHW 
20 - 
- 
20 - 
- 
20 - 
- 
ns 


Address Set-up Time for Latch' 
tASL 
60 - 
- 
40 - 
- 
20 - 
- 
ns 


Address Hold Time for Latch 
tAHL 
30 - 
- 
20 - 
- 
20 - 
- 
ns 


Address Hold Time 
tAH 
20 - 
- 
20 - 
- 
20 - 
- 
ns 


Ao - 
A, 
Set-up Time Before E' 
tASM 
200 - 
- 
110 - 
- 
60 - 
- 
ns 


I Non-Multiplexed 
(tACCN) 
- 
- 
650 - 
- 
395 - 
- 
270 
ns 
Peripheral 
Read 
Bus' 
Access Time 
I 
• 


(tACCM 
650 
270 
Multiplexed 
8us 
- 
- 
- 
- 
395 - 
- 
ns 


Oscillator 
stabilization 
Time 
tRC 
Fig. 10 
20 - 
- 
20 - 
- 
20 - 
- 
ms 


Processor Control 
Set-up Time 
!Pcs 
Fig. 11 
200 
- 
- 
200 - 
- 
200 - 
- 
ns 


Test 
HD63P01Ml 
HD63PA01Ml 
HD63PB01Ml 
Item 
Symbol 
Con· 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral 
Data. 
Port 1, 2, 3,4 
!PDSU 
Fig.3 
200 
- 
- 
200 - 
- 
200 - 
- 
os 
Set-up Time 


Peripheral 
Data 
Port 1, 2, 3. 4 
tpDH 
Fig. 3 
200 - 
- 
200 - 
- 
200 - 
- 
ns 
Hold Time 


Delay Time, 
Enable Positive 
Transition 
to 0S3 Negative 
toSD' 
Fig. 5 
- 
- 
300 
- 
- 
300 - 
- 
300 
ns 


Transition 


Delay Time, 
Enable Positive 
Transition 
to 0S3 Positive 
toSD2 
Fig. 5 
- 
- 
300 
- 
- 
300 
- 
- 
300 
ns 


Transition 


Delay Time, 
Enable Nega-I Port 1 
tive Transition 
to Peri- 
2' 3 ,; 
tPWD 
Fig. 4 
- 
- 
300 
- 
- 
300 - 
- 
300 
os 


pheral Data Valid 
' 
, 


Input Strobe Pulse Width 
!Pw,s 
Fig. 6 
200 
- 
- 
200 - 
- 
200 - 
- 
os 


Input 
Data Hold Time 
I 
Port 3 
t'H 
Fig. 6 
150 - 
- 
150 - 
- 
150 - 
- 
os 


Input 
Data Setup Time 
I 
Port 3 
t,S 
Fig. 6 
0 - 
- 
0 - 
- 
0 - 
- 
ns 
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Test 
HD63P01M1 
HD63PA01M1 
HD63PB01M1 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 
Input 
Pulse Width 
tpWT 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Delay Time, Enable Positive 


tTOD 
Fig.7 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer Out 


SCI Input 
Clock Cycle 
tScvc 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tCYc 


SCI Input 
Clock Pulse Width 
tpwSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tscyc 


Test 
HD63P01M1 
HD63PA01M1 
HD63PB01M1 
Item 
Symbol 
Con- 
Unit 


dition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


RES "Low" 
Pulse Width 
PWRSTL 
3 
- 
- 
3 
- 
- 
3 
- 
- 
teyc 


Mode Programming 
Set-up Time 
tMPs 
Fig. 8 
2 
- 
- 
2 
- 
- 
2 
- 
- 
tove 


Mode Programming 
Hold Time 
tMPH 
150 
- 
- 
150 - 
- 
150 - 
- 
ns 


Meu Write 
0.-0".".- .•.. 


IPo't 
31 


Meu 
A•• d 


0.-0 
•. A.-A, 
CPo'131 
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A. -A. 
If'on 41 


AM 
(SC. 


RJS 
ISCJ 


MCUWflte 


0.-0. 
IPor131 


MCU 
Re&d 
0.-0, 


iPo,'31 
~'AD' 
~'~ 


A.~A, 
I""" 11 
~'-'-V------"""-_-V-"-;d------ 


A. ~A" 
('01141 
0 IV---------------- 


P,O 
- 
PO' 


PJO 
- 
Pro 


p.e 
- 
PI' 


InpulS 


Figure 3 
Port Data Set-up and Hold Times 
(MCU Read) 


01. i_'O_S_O_' 
"F 


• Access 
matches 
Output 
Strobe 
Select 
lOSS 
•. 0, a read; 
OSS· 
1,.a write) 


Figure 5 
Port 3 Output Strobe Timing 
(Single Chip Mode) 


r MCUW"le 


~ 


I-,pwo-t 


Note) 
Port 2: Except 
P 2 I 


Figure 4 
Port Data Delay Times 
(MCU Write) 


Figure 6 
Port 3 Latch Timing 
(Single Chip Mode) 
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lJi 
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152014$ 


o,EQUlY 


, 
R 


C =90pF 
for 
PlQ-Pl1. 
P,,-Pn. 
SC1• SC1 


=3OpF 
for 
Pl~-P17. 
P111-P16 


=4OpF 
for 
E 


R = 12kO 


Intern,l 
Address 
Bus 


NMI. 
IAQt. 
IRQ, 


Intern,l 
o.t. Bus 


Internal 
Read 


Op Code 
perand Irrelevant PCO- 
PC8- 
IXO- 
IX8- 
ACCA 
A C8 
eeR 
ector 
ector 
First Inst 0 


P Cod\D_8_'_8__ 
P_C_, 
__ 
p_c_,_s __ 
,x_,__ 
,_x_,s 
, MSB 
LSB 
Interrupt 
Routine 


,--------- 
E.~ 


--SSV 
I 
• Sv 


:;'~••_lWA\\\\\II\§\\\\\\\\I\ 


RIii_fu\\\II\\\IIII\I\\\I\\I\1 


~.)\\\IIII\II\\\I\\I\IIIIIII\\\\I\III"-----------'~""--------- 


Reset Timing 
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• Vcc. Vss 


These two pins are used for power supply and GND. Re· 


commended 
power supply voltage is 5V ±I0%. If the operating 


voltage of the EPROM is 5V ±5%, 5V±5% should be used. 


• XTAL. EXTAL 
These two pins are connected with parallel resonant funda- 


mental 
crystal, 
AT cut. For instance, in order to obtain the 


system clock 
IMHz, a 4MHz resonant 
fundamental 
crystal is 
used because the devide·by-4 circuitry is included. An example 
of connection 
circuit is shown in Fig. 12. EXTAL accepts an 
external clock input of duty 45% to 55% to drive, then internal 
clock is a quarter the frequency of an external clock. External 
driving frequency will be less than 4 times as maximum internal 
clock. For external clock, XTAL pin should be open. 


AT 
Cut 
Parallel 
Resonance 
Crystal 


co:: 
7 pF max 


Rs: 
60 n mal( 


(b) 
External Clock 


Figure 12 
Connection Circuit 


• Standby (S'TBYI 


This pin is used to place the MCU in the Standby mode. 


If this goes to "Low" 
level, the oscillation stops, the internal 
clock is tied to V55 or Vcc and the MCU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents 
of 
RAM is guaranteed. 
For details of the standby mode, see the 
Standby section. 


• Reset (RES) 


This input 
is used to reset the MCU. RES must be held 


"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, 
because MCU can not be reset 
without 
clock. To reset the MCU during system operation, 
it 
must be held "Low" 
for at least 3 system clock cycles. From 
the 
third cycle, all address buses become 
"High-impedance" 


and it continues while ~ 
is "Low". 
If RES goes to "High", 


CPU does the following. 


I/O Port 2 bits, 2,1 ,0 are latched into bits PC2, PCI, PCOof 
program control register. 
The contents 
of the two Start Addresses, $FFFE, 
$FFFF 


are brought to the program counter, from which program 
starts (see Table 1). 
The interrupt 
mask bit is set. In order to have the CPU 


recognize the maskable interrupts 
IRQ, 
and IRQ" 
clear 


it before those are used. 


• Enable (E) 
This outpu t pin supplies system clock. Outpu t is a single- 


phase, TIL 
compatible 
and 1/4 of the crystal oscillation fre- 


quency. It will drive two LS TTL load and 40pF capacitance. 


• Non maskable Interrupt (NMI) 
When the falling edge of the input signal of this pin is re- 


cognized, NMI sequence starts. The current instruction 
is con· 


tinued 
to complete, even if NMI signal is detected. 
Interrupt 


mask bit in Condition 
Code Register has no effect on NMI 


detection. 
In response to NMI interrupt, 
the information 
of 


Program Counter, Index Register,Accumulators, 
and Condition 


Code Register are stored on the stack. On completion 
of this 


sequence, vectoring address $FFFC and $FFFD are generated 
to load the contents 
to the program counter. 
Then the CPU 


branch to a non maskable interrupt service routine. 


• Interrupt Request (IRQI) 
This level sensitive input 
requests 
maskable interrupt 
se· 


quence. When IRQ! 
goes to "Low", 
the CPU waits until it 


completes the current instruction that is being executed. Then, 
if the interrupt 
mask bit in Condition Code Register is not set, 


CPU begins interrupt 
sequence; otherwise, interrupt 
request is 


neglected. 
Once the sequence has started, the information 
of Program 


Counter, 
Index Register, Accumulators, 
Condition 
Code Re- 


gister are stored on the stack. Then the CPU sets the interrupt 
mask bit so that no further maskable interrupts 
may be res- 


ponded. 


VectGO" 
Interrupt 
MSI 
lSI 


FFFE 
FFFF 
1m 


FFEE 
FFEF 
TIIA' 


FHe 
FFFO 
NM' 


FHA 
FHI 
So'tww. 
Interr",pt (SWII 


FFF' 
FFFI 
~, 
(ot1S31 


FFF' 
FFF1 
leF IT""., Input «:apt",., 


FFF4 
FFF5 
OCF (TuNr 
OwtPlott ~ 
•• 
I 


FFF2 
FFFJ 
TOF ITomer o....,flowl 


FFFO 
FFF1 
$Cl 
IRORF. 
OAFE • TORIEI 


At the end of the cycle, the CPU generates 16 bit vectoring 


addresses indicating memory addresses $FFF8 and $FFF9, and 
load the contents 
to the Program Counter, 
then branch to an 


interrupt service routine. 


The Internal Interrupt 
will generate signal (IRQ,) 
which is 


quite the same as IRQ, except that it will use the vector address 
$FFFO to $FFF7. 


When ffiQI 
and IRQ, 
are generated at the same time, the 


former precede the latter. Interrupt Mask Bit in the condition 
code register, ifbeing set, will keep the both interrupts off. 


fRQI has no internal latch. Therefore, 
if Iml is removed 


during suspension, that IRQ! is ignored. 
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On occurrence 
of Address error or Op·code error, TRAP 


interrupt 
is invoked. This interrupt 
has priority next to RES. 
Regardless of the Interrupt 
Mask Bit condition, 
the CPU will 


start an interrupt 
sequence. The vector for this interrupt will be 


SFFEE, SFFEF. 


• 
Input Strobe HS3) (SCd 
This signal controls ill interrupt 
and the latch of Port 3. 
When the falling edge of this signal is detected, 
the flag of 


Port 3 Con trol Status Register is set. 


For detailed explanation 
of Port 3 Control Status Register, 
see the I/O PORT 3 CONTROL STATUS REGISTER section. 


• 
Output Strobe (0531 (SC,) 
This signal is used to send a strobe to an external device, 


indicating effective data is on the I/O pins. The timing chart for 
Output Strobe are shown in Figure 5. 


• 
ReadlWrite (RM) (SC,) 
This TIL 
compatible 
output 
signal indicates peripheral and 


memory devices whether CPU is in Read ("High"), 
or in Write 


("Low"). 
The normal 
stand-by 
state 
is Read 
("High"). 
Its 


output will drive one TIL load and 90pF capacitance. 


• 
I/O Strobe (lOS) (SC,) 
In expanded 
non multiplexed 
mode 5 of operation, 
IDS 


goes to "Low" 
only when A. through Als are "0" and As is 


"I" 
This allows external access 
up to 256 addresses from 


SOIOO to SOIFF in memory. 
The timing 'chart 
is shown in 


Figure 2. 


• 
Address Strobe (AS) (SCd 
In the expanded 
multiplexed 
mode, address strobe signal 


appears at this pin. It is used to latch the lower 8 bits addresses 
multiplexed 
with data at Port 3. The 8-bit latch is controlled 


by address strobe as shown in Figure 18. Thereby, I/O Port 3 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1. 


Address Strobe (AS) is sent out even if the internal address 


area is accessed. 


• 
PORTS 
There are four I/O Ports on HD63POIMI MCU (three 8-bit 


ports and one 5·bit port). 2 control pins are connected 
to one 


of the 8-bit port. Each port has an independent write-only data 
direction 
register to program individual I/O pins for input or 


output. • 
When the bit of associated Data Direction Register is "I". 


I/O pin is programmed for output, if "0", then programmed for 
an input. 


There are four ports: 
Port 
I, Port 2, Port 3, and Port 4. 


Addresses of each port and associated Data Direction Registers 
are shown in Table 2. 
• 
Only one exception is bit I of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 
RES does not affect I/O port Data Register. Therefore, just 


after RES, Data Register is uncertain. Data Direction Registers 
are reset. 


Ports 
Port Address 
Data Direction 


Register 
Address 


I/O POrt 1 
s0002 
$סס oo 


I/O Port 2 
$0003 
$0001 


I/O Port 3 
$0006 
$0004 


I/O Port 4 
$0007 
$0005 


• 
I/O Port 1 
This is an 8·bit port, each bit being defined individually as 
input 
or outputs 
by associated Data Direction Register. The 


8-bit output 
buffers have three-state capability, maintaining in 


high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic "I" and less than 0.8 V for logic "0". 


These are TIL compatible. After the MCU has been reset, all 
I/O lines of Port I are configured as inputs in all modes except 
mode I. In all modes except expanded non multiplexed mode 
(Mode I), Port I is always parallel I/O. In mode I, Port I will be 
output line for lower order address lines (Ao to A7). 


• 
I/O Port 2 
This port has five lines, whose I/O direction depends on its 


data direction register. The 5-bit output buffers have three-state 
capability, 
going high impedance state when used as inputs. In 


order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "I" 
and less than 0.8V for logic 
"0". After the MCU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (pins 10,9,8 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register, which is explained in 
the MODE SELECTION section. 


In all modes, Port 2 can be configured as I/O lines. This port 


also provides access to the Serial I/O and the Timer. However, 
note that bit I (P'I) 
is the only pin restricted to data input or 
Timer output. 


• 
I/O Port 3 
This is an 8-bit port which can be configured as I/O lines, a 
data 
bus, or an address bus multiplexed 
with data bus. Its 


function depends on hardware operation mode programmed by 
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus 
is bi·directional. 
For an input 
from peripherals, regular TIL 
level must be supplied, that is greater than 2.0V for a logic "I" 
and less than 0.8V for a logic "0". This TIL compatible three· 
state buffer can drive one TTL load and 90pF capacitance. In 
the expanded 
Modes, data direction register will be inhibited 
after Reset and data direction will depend on the state of the 
R/W line. Function of Port 3 is shown below. 
Single Chip Mode (Mode 7) 


Parallel Inputs/Outputs 
as programmed by its corresponding 
Data Direction Register. 


There are two control lines associated with this port in this 


mode, an input strobe (m) and an output 
strobe (051), both 
being used for handshaking. They are controlled by I/O Port 3 
Control/Status 
Register. Function of these two control lines of 


Port 3 are summarized as follows: 


(I) 
Port 3 input data can be latched using ill (SCI) as a 
input strobe signal. 
(2) 051 can be generated by CPU read or write to Port 3's 


data register. 


(3) 
IRQI 
interrupt 
can 
be generated 
by an ill falling 
edge. 
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Port 
3 
strobe 
and 
latch 
timing 
is shown 
in 
Figs. 
5 and 
6 


respectively. 


I/O 
Port 
3 Control/Status 
Register 
is explained 
as follows: 


I/O Port 3 
Control/Status 
Register 


Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 LATCH 
ENABLE. 


Bit 3 is used 
to control 
the input 
latch 
of Port 
3. If the bit is 


set at "1 ", the input 
data 
on Port 
3 is latched 
by the falling edge 


of fS1. 
The 
latch 
is released 
by 
the MCU 
read 
to Port 
3; now 


new 
data 
can 
be 
latched 
again 
by 
IS3 
falling 
edge. 
Bit 3 is 


cleared 
by 
a reset. 
If this 
bit 
is "0", 
IS3 
does 
not 
affect 
I/O 


Port 
3 latch 
operation. 


Bit 4 OSS (Output 
Strobe 
Select) 


This 
bit 
identifies 
the 
cause 
of output 
strobe 
generation: 
a 


write 
operation 
or read 
operation 
to I/O Port 
3. When the bit is 


cleared, 
the 
strobe 
will be generated 
by a read operation 
to Port 


3. When 
the 
bit is not 
cleared, 
the strobe 
will be generated 
by a 


write 
operation. 
Bit 4 is cleared 
by a reset. 


Bit 5 Not used. 
Bit 6 ~ 
IROI 
ENABLE. 


If 
this 
bit 
is set, 
IRQ, 
interrupt 
by 
IS3 
Flag 
is enabled. 


Otherwise 
the 
interrupt 
is disabled. 
The 
bit 
is cleared 
by 
a 


reset. 
Bit 7 IS3 FLAG. 


Bit 7 is a read·only 
bit which 
is set by the falling edge of 
IS3 


(SC, ). It is cleared 
by a read of the Control/Status 
Register 
fol· 


lowed 
by a read/write 
of I/O Port 
3. The bit is cleared 
by reset. 


Expanded 
Non Multiplexed 
Mode 
(mode 
1,5) 


In this mode, 
Port 
3 becomes 
data 
bus. 
(Do - 
07) 
Expanded 
Multiplexed 
Mode 
(mode 
0, 2,4,6) 


Port 
3 becomes 
both 
the 
data 
bus (Do - 
07) 
and lower 
bits 


of the address 
bus (AD - 
A7). An address 
strobe 
output 
is "High" 
while 
the address 
is on the port. 


• 
I/O Port 
4 


This 
is an 
8-bit 
port 
that 
becomes 
either 
I/O 
or 
address 
outputs 
depending 
on 
the 
selected 
operation 
mode. 
In order 


to 
be 
read 
accurately. 
the 
voltage 
at 
the 
input 
lines 
must 
be 
greater 
than 
2.0V 
for a logic" 
J", and less than 
0.8V 
for a logic 


"0". 
For outputs, 
each line is TTL compatible 
and can drive one 
TTL 
load 
and 
90pF. 
Function 
of 
Port 
4 
for 
each 
mode 
is 


explained 
below. 


Single 
Chip 
Mode 
(Mode 
7): 
Parallel 
Inputs/Outputs 
as pro- 


grammed 
by its associated 
data 
direction 
register. 


Expanded 
Non 
Multiplexed 
Mode 
(Mode 
5): 
In 
this 
mode. 
Port 
4 becomes 
the 
lower 
address 
lines 
(AD to A 7) by writing 


"I"s 
on 
the 
data 
direction 
register. 
After 
reset, 
this 
port 


becomes 
inputs. 
In order 
to 
use 
these 
pins 
as addresses, 
they 


should 
be programmed 
as outputs. 
When 
all of the eight 
bits 
are not 
reqUired 
as addresses, 
the 


remaining 
lines can be used 
as I/O lines (Inputs 
only). 


Expanded 
Non 
Multiplexed 
Mode 
(Mode 
1): In this mode. 
Port 
4 becomes 
output 
for 
upper 
order 
address 
lines 
(As 
to 
A, s) 


regardless 
of the value of the direction 
register. 


Expanded 
Multiplexed 
Mode 
(Mode 
6): 
In 
this 
mode, 
Port 
4 


becomes 
the 
upper 
address 
lines 
(As 
to AIS). 
After 
reset, 
this 


port 
becomes 
inpu ts. In 
order 
to 
use 
these 
pins 
as addresses, 


they 
should 
be programmed 
as outputs. 
When 
all of the 
eight 


bits 
are 
not 
required, 
the 
remaining 
lines 
can 
be used 
as I/O 


lines (input 
only). 
Expanded 
Multiplexed 
Mode 
(Mode 
0,2,4): 
In this mode, 
Port 


4 
becomes 
output 
for 
upper 
order 
address 
lines 
(As 
to 
AIS) 


regardless 
of the value of data 
direction 
register. 


The 
relation 
between 
each 
mode 
and 
I/O 
Port 
I 
to 
4 is 


summarized 
in Table 
3. 


• 
MODE 
SELECTION 
The 
opera tion 
mode 
after 
the 
reset 
must 
be detennined 
by 


the 
user 
wiring 
the 
10, 9, and 
8th 
pins externally. 
These 
three 


pins are lower 
order 
bits; I/O 0, I/O 
I, I/O 2 of Port 
2. They 
are 


latched 
into 
the control 
bits PCO,PCl,PC2 
of I/O Port 
2 register 


when 
reset goes "High". 
I/O Port 
2 Register 
is shown 
below. 


An example 
of external 
hardware 
used 
for Mode 
Selection 
is 
shown 
in Fig. 
13. The 
HDI4053B 
is used 
to 
separate 
the 
pe- 


ripheral 
device 
from 
the 
MCU 
during 
reset. 
It is necessary 
if 


the 
data 
may 
conflict 
between 
peripheral 
device 
and 
Mode 


generation 
circuit. 


No 
mode 
can be changed 
through 
software 
because 
the 
bits 


5, 6, 
and 
7 of Port 
2 Data 
Register 
are 
read-only. 
The 
mode 


selection 
of the HD63POIMI 
is shown 
in Table 
4. 


The 
HD63PO I M I operates 
in three 
basic 
modes: 
(I) 
Single 


Chip 
Mode; 
(2) Expanded 
Multiplexed 
Mode 
(compatible 
with 


the 
HMCS6800 
peripheral 
family), 
(3) 
Expanded 
Non 
Multi- 


plexed 
Mode 
(compatible 
with 
HMCS6800 
peripheral 
family). 


• 
Single 
Chip Mode 
(Mode 
7) 
In 
the 
Single 
Chip 
Mode, 
all ports 
will 
become 
I/O. 
This 
is 
shown 
in Figure 
IS. In this mode, 
SC', 
SC, pins are configured 
for control 
lines of Port 
3 and can be used 
as input 
strobe 
(fS1) 
and output 
strobe 
(OSJ) for data 
handshaking. 


• 
Expanded 
Multiplexed 
Mode 
(Mode 
0, 2, 4, 6) 


In this 
mode, 
Port 
4 is configured 
for I/O (inputs 
only) 
or 


address 
lines. 
The 
data 
bus and 
the lower 
order 
address 
bus are 


multiplexed 
in 
Port 
3 
and 
can 
be 
separated 
by 
the 
Address 


Strobe. 


Port 
2 is configured 
for 5 parallel 
I/O or Serial 
I/O, 
or Timer, 


or 
any combination 
thereof. 
Port 
1 is configured 
for 8 parallel 


I/O. 
In this mode, 
HD63POIM 
I is expandable 
up to 65k 
words 


(See Fig. 16). 


• 
Expanded 
Non Multiplexed 
Mode 
(Mode 
1,5) 
In this mode, 
the HD63POIMI 
can directly 
addressHMCS6800 


peripherals 
with 
no address 
latch. 
In mode 
5, Port 
3 becomes 
a 


data 
bus. 
Port 
4 
becomes 
AD to 
A7 
address 
bus 
or 
partial 


address 
bus 
and 
I/O 
(inputs 
only). 
Port 
'2 is configured 
for 
a 


parallel 
I/O, 
Serial 
I/O, 
Timer 
or any combination 
thereof. 
Port 


I is configured 
as a parallel 
I/O only. 
In this mode, 
HD63POIMI 


is expandable 
to 
256 
locations. 
In mode 
I. Port 
3 becomes 
a 


data 
bus and 
Port 
I becomes 
AD to A7 address 
bus, and Port 
4 


becomes 
As to A,s 
address 
bus. 
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In this mode, the HD63POIMI 
is expandable to 65k bytes 


with no address latch. (See Fig. 17) 


• 
Lower Order Address Bus Latch 
Because the data bus is multiplexed 
with the lower order 


x, 


Y, 


Z, 


Inn 


address bus in Port 
3 in the 
expanded 
multiplexed 
mode, 


address bits must be latched. 
It requires the 74LS373 Trans- 


parent 
octal Ootype to 
latch the LSB. Latch connection 
of 


the HD63POIMI is shown in Figure 18. 


HD63P01 
M' 


Pu 
(peOI 


P" 
IPClI 


Pu jPC21 


Note 
11 Figure of Mode 7 
21 RC-Reset 
Constant 


31 R,'10kn 


Inh 
A 
B 
C 


X. 


X, 
X 


y. 
Y, 
Y 


Z. 
Z 
Z, 


Control 
Input 
On Sw,tch 


select 
Inh'bir 
C e 
A 
HD140SJB 


0 
0 
0 
0 
Z, Y, x~ 


0 
0 
0 , 
Z, y. X, 


0 
0 , 
0 
Z. Y, X. 


0 
0 , , 
Z. v, X, 


0 
, 
0 
0 
Z, v, x. 


0 
, 
0 , 
Z, Y. X, 


0 
, , 
0 
Z. v, x, 


0 
, 
1 , 
Z, v, X, 
, 
X 
X 
X 
- 


POft 
2 


5 I/O Lines 


SCI 
T,met 


Port 2 
5110 L,n., 
sel 


Port •• 
8 Address 
LIne, or 
8 I/O Lines 
(Inputs 
Only) 


Figure 16 
HD63P01M1 
MCU Expanded 


Multiplexed 
Mode 
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Port 
'2 


5 Parallel I/O 


SCI 


Timer 


Port 4 
8 Address 
Lines or 
8 I/O Lines 
(Inputs On1v) 


Port 
'2 


5 Parallel I/O 


SCI 


Timer 


Port 4 
8 Addreu 


LInes 


4l 


D, 
0, 


74LSJ73 


~ 


1 
J 
Add••" 
A. -A, 


] 
"" 
0,0 


OUlPVI 
Enable 
OutPUt 
Conl<ol 
G 
D 
° 


lOCI 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
0, 


H 
X 
X 
Z 


• 
Summary 
of Mode and MCU Signal 


This section gives a description 
of the MCV signals for the 


various modes. SC, and SC2 are signals which vary with the mode. 


MODE 
PORT 
1 
PORT 
2 
PORT 
3 
PORT 
4 
SC, 
SC, 
Eight 
Lines 
Five 
Lines 
Eight 
Lines 
Eight 
Lines 


SINGLE 
CHIP (Mode 
71 
1'0 
I/O 
1/0 
110 
IS3 
(I) 
OS3(0) 


ADDRESS 
BUS 


EXPANDED 
MUX 
110 
1/0 
(A.-A,) 
ADDRESS 
BUS' 
AS(O) 
R/W(O) 
DATA 
8US 
(A,-A,,) 


(Mode 
0, 2, 4, 6) 
(D.-D,) 


EXPANDED 
(Mode 
5) 
10 
I/O 
DATA 
BUS 
ADDRESS 
BUS' 
10S(0) 
R/W(O) 
(D.-D,) 
(A.-A,) 


NON·MUX 
(Mode 
1) 
ADDRESS 8US 
I/O 
DATA 
BUS 
ADDRESS 
BUS 
Not Used 
R/WiO) 
(A.-A,I 
(D.-D,) 
(A,-A,,) 


·These 
lines can be substituted 
for 1/0 
(Input Only) (except 
Mode 0, 2, 4). 


I 
1nput 
iS3 
Input Strobe 
SC 
Strobe Control 


o 
Output 
OS3 
Output 
Strobe 
AS 
'" Address Strobe 


A/W 
AeadlWrite 
10S 
-= 
1/0 Select 
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Mode 
P" 
1~1;'11 
1~0) 
ROM 
RAM 
Interrupt 
Bus 
Operating 
IPC21 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUX(3) 
Multiplexed/Partial 
Decode 


5 
H 
L 
H 
I 
I 
1 
NMUXI31 
Non-Multiplu:ed/P,rtial 
Decode 


4 
H 
L 
L 
Ell) 
I 
E 
MUX 
Multiplexed/RAM 


3 
L 
H 
H 
- 
- 
- 
- 
Not Used 


2 
L 
H 
L 
Ell) 
I 
E 
MUX 
Multiplexed/RAM 


1 
L 
L 
H 
Ell) 
I 
E 
NMUX 
Non.Multiplexed 


0 
L 
L 
L 
I 
I 
1(2) 
MUX 
Multiplexed 
Test 


LEGEND: 
I 
- 
Internal 
E 
- 
External 
MUX 
- Multiplexed 


NMUX 
- 
Non-Multiplexed 
L 
- 
Logic "0" 
H -Logic"'" 


(NOTES) 
1) 
Internal 
ROM 
is disabled. 


2) 
Reset 
vector 
is external 
for 4 cycles 
after 
FIR goes "high". 


3) 
Idle lines of Port 4 address 
outputs 
can 
be assigned 
to Input 
Port. 


• 
Memory 
Map 


The 
MCV 
can 
provide 
up 
to 
65k 
byte 
address 
space 


depending on the operating mode. Fig. 19 shows a memory map 
for each operating mode. The first 32 locations of each map are 
for the MCV's internal register only, as shown in Table 5. 


Revist'" 
Address 


Port 1 D~. 
Direction 
Regist ••..•••• 
00' 
Port 2 o.t. Direction 
Register···· 
01 
Port 1 o,t. Register 
02' 
Port 2 o,t. Regist ••.. 
03 


Port 3 0.,. 
Direction 
R.gilter···· 
04" 
Port •• Oat. 
Oirectton 
Register 
•••• 
OS'" 
Port 3 o.t. Register 
06" 
Port" 
0.,. 
Register 
07'" 


Timer 
Control 
•.• d 5tltul 
Register 
OS 
Count. 
(High Byte) 
09 
Counter 
(low 
Byte) 
OA 
Output 
Compere 
Register 
(High Byte) 
OB 


Output 
Compere 
Register 
(Low 
Byte) 
OC 
Input 
<:.pture 
Register 
(Htgh Byte) 
00 
Input 
CApture 
Aegister 
ILow By tel 
OE 
Port 3 Control 
and Status 
Register 
OF" 


Rate and Mode Control 
Register 
10 
Transmit/Rec:eNoe 
Control.m:t 
Status 
Register 
11 
Receive 
Data Register 
12 
Transmit 
O.ta 
Register 
13 


RAM Control 
Register 
14 
R___ 


lS·lF 


• 
External 
address 
in Mode 
1 
External 
address 
in Modes 0, 1, 2,4,6; 
cannot 
be 
accessed 
in Mode 
5 
External 
address 
in Modes 0,1,2,4 
1 - Output, 
0 = Input 
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HD63P01Ml0 
Mode 
HD63P01Ml 1 


Mode 


Non-Mulliplexed 
/Partial 
Decode 


$0000 


Multiplexed 
Test mode 


$0000111 


I EPROM 


[NOTES] 
1) 
Excludes the following 
addresses which may be 


used externally: 
$04, $05, $06, $07 and $OF. 


2) 
Addresses $FFFE 
and $FFFF 
are considered 


external 
if accessed within 
4 cycles after a positive 


edge of RES and internal at all other times. 


3) 
After 4 CPU cycles, there must be no overlapping 
of internal and external 
memory spaces to avoid 


driving the data bus with more than one device. 


4) 
This mode isthe only mode which is used for 
testing. 


(NOTE] 
Excludes the following 
addresses which may be 


used externally; 
$00, $02, $04, $05, $06, $07 


and $OF, 
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HD63P01M12 
Mode 
HD63P01M14 
Mode 
HD63P01M15 
Mode 


Multiplexed/RAM 


$0000 


Non·Multiplexed/Partial 
Decode 


SOOOO~ 
jlnternal 
Registers 


SOOlF_ 


Unusable 


llntemal 
RAM 


} Exte,nal 
Memo,y 
Space 


Excludes the following 
address which 
may be used externally; 
$04, $05, $06, 
$07, $OF. 


Excludes $04, $06, $OF. 
These 
address 
cannot 
be used 
externally. 
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HD63P01M16 
Mode 


HD63P01M17 


Mode 


Multiplexed/Partial 
Decode 


SOOOO 
SOOOO~l 
SOOIF 


S0080. 
1 
000" 
I 


Unusable 


1 


EPROM 


Internal 
Interrupt 
Vectors 


[NOTEI 


Excludes the following 
address which may be 


used externally: 
S04. S06, SOF. 
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• 
PROGRAMMABLE TIMER 
The HD63POIMI contains 16-bit programmable timer which 


may 
be used to make measurement 
of input waveform. 
In 


addition 
to that it can generate an output waveform by itself. 
For both input and output waveform, the pulse width may vary 
from a few microseconds to several seconds. 
The timer hardware consists of 
• an 8-bit control and status register 
• a 16-bit free running counter 
• a 16-bit output compare register, 
• a 16-bit input capture register 


A block diagram of the timer is shown in Figure 20. 


r--- -- - 
_____ 
J Output 
nput 
...... '... 
Bit 1 
8il0 
Pon2 
POI"I2 
Programmable Timer Block Diagram 


• 
Free Running Counter ($0009: $OOOA) 
The key element in the programmable timer is a 16-bit free 


running 
counter, 
that 
is driven by an E (Enable) clock to 


increment its values. The counter value will be read out by the 
'CPU software 
at any time with no effects on the counter. 


Reset will clear the counter. 


When the MSB of this counter 
is read, the LSB is stored 


in temporary 
latch. The data is fetched from this latch by the 


subsequent 
read of LSB. Thus consistent double byte data can 


be read from the counter. 


When the CPU writes arbitrary 
data to the MSB ($09), the 


value of $FFF8 
is being pre-set to the counter 
($09, $OA) 


regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($OA), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 


When the data is written 
to this counter, 
a double byte 


store instruction 
(ex. STD) must be used. If only the MSB of 


counter is written, the counter is set to $FFF8. 
The counter 
value written 
to the counter using the double 


byte store instruction is shown in Figure 21. 


To write to the counter may disturb serial operations, so it 


should be inhibited during using the SCI in internal clock mode. 


• 
Output Compare Register ($OOOB:$OOOC) 
This is a 16-bit read/write register which is used to control an 


output 
waveform. The contents 
of this register are constantly 


being compared with current value of the free running counter. 


When the contents match with the value of the free running 
counter, 
a nag 
(OCF) 
in the 
timer 
control/status 
register 
(TCSR) 
is set and the current 
value of an output 
level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit I 
of the Port 2 data direction register is "I" (output), 
the OLVL 
value will appear on the bit I of Port 2. Then, the value of Out- 
put Compare Register and Output 
level bit may be changed 
for the next compare. 
The output 
compare register is set to $FFFF 
during reset. 


The compare 
function 
is inhibited 
at the cycle of writing 
to the high byte of the output 
compare 
register and at the 
cycle just after that to ensure valid compare. It is also inhibited 
in same manner at writing to the free running counter. 


In order to write a data to Output 
Compare 
Register, a 
double byte store instruction (ex. STD) must be used. 


• 
Input Capture Register ($OOOD:$OOOE) 
The input capture register is a 16-bit read-only register used 
to hold the current 
value of free running counter when the 
proper transition of an external input signal occurs. 


The input transition 
change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 


To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
o of Port 2 must have been cleared (to zero). 


To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


• 
Timer Control/Status 
Register (TCSRI ($0008) 


This is an 8-bit register. All 8 bits are readable and the lower 
5-bit may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 
(I) 
A proper transition 
has been detected 
on the input pin 
(ICF). 


(2) A match has been found between 
the value in the free 
running counter and the output compare register (OCF). 


(3) When counting up to $0000 (TOF). 


Each nag has an individual 
enable 
bit in TCSR which 
determines 
whether 
or 
not 
an 
interrupt 
request 
may 


occur (IP:Q1). 
If the I-bit in Condition Code Register has 
been cleared, a priority vectored address occurs correspond- 
ing to each nag. A description of each bit is as follows. 


Bit 0 
OLVL (Output Level); When a match is found in the 
value between the counter and the output 
com- 
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Bit 0 WU (Wake Up); Set by software and cleared by hardware 


on receipt of ten consecutive "I "s. While this bit 
is "I", 
RDRF and ORFE flags are not set even 


if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
ofWU flag's set. 


Bit 1 TE (Transmit Enable); This bit enables transmitter. When 


this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive 
"I"s 
is transmitted 


just 
after 
this bit is set, and then 
transmitter 


becomes ready to send data. 
If this bit is cleared, the transmitter 
is disabled 
and serial I/O affects nothing on Port 2 bit 4. 


Bit 2 
TIE (Transmit Interrupt 
Enable); When this bit is set, 


TDRE (bit 
5) causes an IRQ, 
interrupt. 
When 
cleared TDRE interrupt is masked. 


Bit 3 
RE 
(Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 


Bit 4 
RIE (Receive Interrupt 
Enable); When this bit is set, 


RDRF 
(bit 
/) or ORFE (bit 6) cause an IRQ2 


interrupt. When cleared, this interrupt is masked. 
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pare register, this bit is transferred 
to the Port 2 


bit 1. If the DDR corresponding 
to Port 2 bit I is 


set "I", 
the value will appear on the output pin of 


Port 2 bit 1. 


Bit 1 
IEDG (Input 
Edge): This bit control which transition 


of an input of Port 2 bit 0 will trigger the data 
transfer 
from the counter 
to the input 
capture 


register. The DDR corresponding 
to Port 2 bit 0 


must be cleared in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge ("High" to "Low" transition). When IEDG = 
I, trigger takes place on a positive edge ("Low" to 
"High" transition). 


Bit 2 
ETOI (Enable 
Timer Overflow Interrupt); 
When set, 


this bit enables 
TOF interrupt 
to generate the 


interrupt 
request (IRQ,). 
When cleared, the inter- 


rupt is inhibited. 


Bit 3 
EOCI (Enable Output 
Compare Interrupt); 
When set, 


this bit enables 
OCF interrupt 
to generate 
the 


interrupt 
request (1RQi). When cleared, the inter- 


rupt is inhibited. 


Bit 4 
EICI (Enable Input Capture Interrupt); 
When set, this 


bit enables ICF interrupt 
to generate the interrupt 


request 
(IRQ2). 
When cleared, 
the 
interrupt 
is 


inhibited. 


Bit 5 
TOF (Timer Over Flow Flag); This read-only bit is set 


at 
the 
transition 
of 
$FFFF 
to $0000 
of the 


counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by an CPU read of the counter 
($0009). 


Bit 6 
OCF (Output Compare Flag); This read-only bit is set 


when a match is found in the value between the 
output 
compare 
register and the counter. 
It is 


cleared by a read of TCSR (with OCF set) fol- 
lowed by an CPU write to the output 
compare 


register ($ooOB or $OOOC). 


Bit 7 
ICF (Input Capture Flag); The read-only bit is set by a 


proper transition 
on the input, and is cleared by 


a read of TCSR (with ICF set) followed by an 
CPU read of Input Capture Register ($OOOD). 
Reset 
will clear 
each 
bit 
of Timer Control 
and Status 


Register. 


• 
SERIAL COMMUNICATION INTERFACE 
The HD63POIMI contains a full-duplex asynchronous Serial 


Communication 
Interface 
(SCI). SCI may select the several 


kinds of the data rate. It consists of a transmitter and a receiver 
which operate 
independently 
but with the same data format 


and the same data rate. Both the transmitter 
and receiver com- 


municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 


• 
Wake-Up Feature 
In typical multiprocessor 
applications the software protocol 


will usually have the designated address at the initial byte of the 
message. The purpose of Wake·Up feature is to have the non- 
selected 
MCU neglect 
the 
remainder 
of the message. Thus 


the non-selected 
MCU can inhibit 
the 
all further 
interrupt 


process until the next message begins. 
Wake-Up feature is re-enabled 
by a ten consecutive 
"I"s 


which indicates an idle transmit line. Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message. 


With this hardware 
feature, 
the 
non-selected 
MCV is re- 


enabled or ("waked-up") 
by the next message. 


• 
Programmable Options 
The HD63POIMI has the following programmable features. 
, data format; standard mark/space (NRZ) 
• clock source; external or internal 
• baud rate; one of 4 rates per given E clock frequency or 


1/8 of external clock 
• wake-up feature; enabled or disabled 
• interrupt 
requests; 
enabled 
or 
masked 
individually 
for 


transmitter and receiver 
• clock output; 
internal 
clock enabled 
or disabled to Port 


2 bit 2 
• Port 
2 (bits 3, 4); dedicated 
or not dedicated 
to serial 


I/O individually 


• 
Serial Communication 
Hardware 
The 
serial communications 
hardware 
is controlled 
by 4 


registers as shown in Figure 22. The registers include: 


• an 8-bit control/status 
register 
• a 4-bit rate/mode control register (write.only) 
• an 8-bit read·only receive data register 
• an 8-bit write-only transmit data register 
Besides these 4 registers, Serial I/O utilizes Port 
2 bit 3 


(input) 
and bit 4 (output). 
Port 2 bit 2 can be used when an 


option 
is selected 
for the internal-clock·out 
or the external· 


clock-in. 


• 
Transmit/Receive Control Status Register (TRCSR) 
TRCS Register consists of 8 bits which all may be read while 


only bits 0 to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS register are explained below. 


Bit 5 
TORE (Transmit Data Register Empty); When the data 


is transferred 
from 
the Transmit 
Data Register 


to Output 
Shift Register, this bit is set by hard- 


ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Transmit 
Data Register. TORE is initialized 


to \ by RE5. 


Bit 6 
ORFE 
(Over Run Framing Error); When overrun or 


framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data 
register 
while the 
RDRF is "\". 
Framing 


Error occurs when the bit counter is not synchro- 


nized with the boundary 
of the byte in the reo 


ceiving bit 
stream. 
When Framing 
Error 
is de· 


tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "\" 
and RDRF is "\", 
Overrun Error 
is 
detected. 
Otherwise 
Framing 
Error 
occurs. 


The bit is cleared by reading the status register 
followed by reading the receive data register, or 
by RES. 
Bit 7 RDRF 
(Receive Data Register Full); This bit is set by 


hardware 
when the data is transferred 
from the 
receive shift register to the receive data register. 
It is cleared by reading the status register followed 
by reading the receive data register, or by RES. 


Bit 7 
Aet. end Mod. Control Register 
Bit 0 


1 
~$10 


Trllf'tUTlit/Aeceive Control 
•.•d Status Regislif 


$11 


XTAL 
2.4576 
MHz 
4.0 MHz 
49152MHz 


SSI 
SSO 
E 
614.4 kHz 
1.0 MHz 
1 2288MHz 


0 
0 
E ~ 16 
26 ~s/38.4oo 
Baud 
16 
~s/62 ,500 Baud 
13 
~s/76,800Baud 


0 
1 
E ~ 12B 
2Q8jJs/4,Boo Baud 
128 
~s/7812.5 
Baud 
104.2~,/ 
9,6008aud 


1 
0 
E ~ 1024 
1.67m,/6oo 
Baud 
1.024m,/976.6 
Baud 
833.3",/ 
1,200Baud 


1 
1 
E ~ 4096 
6.67m,/1SO 
Baud 
4.096msI244.1 
Baud 
3.333m,f 
300Baud 
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CC1: CCO 
Format 
Clock 
Source 
Port 2 BIt 2 
Port 2 Bit 3 
Port 2 Bit 4 


0 
0 
- 
- 
- 
- 
- 
0 
1 
NRZ 
Internal 
Not 
Used *** 
.. 
.. 


1 
0 
NRZ 
Internal 
Output- 
.. 
.. 


1 
1 
NRZ 
External 
Input 
.. 
.. 


• 
Clock output 
is available regardless of values for bits RE and TE . 


•• 
Bit 315 used for serial 
input 
If RE = "1" 
In TRCS . 


.Blt 
4 IS used for 
serial 
output 
If TE 
E "1" 
In TRCS . 


••• 
This pin can be used as 1/0 port. 


• 
Transfer 
rate/Mode 
Control 
Register 
(RMCR) 


The register 
controls 
the following 
serial I/O functions: 
• Bauds 
rate 
'data 
format 
• clock 
source 
• Port 
2 bit 2 feature 


It is 4-bit 
write-only 
register, 
cleared 
by RES. The 4 bits are 


considered 
as a pair 
of 2-bit 
fields. 
The lower 
2 bits control 
the 


bit 
rate 
of 
internal 
clock 
while 
the 
upper 
2 bits 
control 
the 
format 
and the clock 
select 
logic. 


Bit 0 SSO} 
Bit I SS I 
Speed 
Select 


These 
bits 
select 
the 
Baud 
rate 
for 
the 
internal 
clock. 
The 


rates 
selectable 
are function 
of E clock 
frequency 
of the 
CPU. 


Table 
6 lists the available 
Baud 
Rates. 


Bit2 CCO } 
Bit 3 CCI 
Clock 
Control/Format 
Select 


They 
control 
the 
data 
format 
and 
the 
clock 
select 
logic. 


Table 
7 defines 
the bit field. 


• 
Internally 
Generated 
Clock 


If the 
user 
wish 
to 
use externally 
an internal 
clock 
of 
the 


serial I/O, the following 
requirements 
should 
be noted. 


'CCI, 
CCO must 
be set to "10". 


'The 
maximum 
clock 
rate must 
be E/16. 


'The 
clock 
rate is equal 
to the bit rate. 
• The values 
of RE and TE have no effect. 


• 
Externally 
Generated 
Clock 


If 
the 
user 
wish 
to supply 
an external 
clock 
to 
the 
Serial 
I/O, the following 
requirements 
should 
be noted. 
'The 
CC I, CCO must 
be set to "II" 
(See Table 
7). 


• The 
external 
clock 
must 
be set 
to 
8 times 
of the desired 


baud 
rate. 


• The maximum 
external 
clock 
frequency 
is E/2 clock. 


• 
Serial 
Operations 


The 
serial I/O hardware 
must 
be initialized 
by the 
software 
before 
operation. 
The sequence 
will be normally 
as follows. 


• Writing 
the 
desired 
operation 
control 
bits 
of the Rate 
and 


Mode Control 
Register. 


• Writing 
the 
desired 
operation 
control 
bits 
of 
the 
TRCS 


register. 


If Port 
2 bit 3, 4 are used 
for serial I/O, TE, RE bits may be 


kept 
set. 
When 
TE, 
RE 
bit 
are 
cleared 
during 
SCI operation, 
and 
subsequently 
set 
again, 
it 
should 
be noted 
that 
TE. 
RE 


must 
be kept 
"0" 
for at least 
one 
bit 
time 
of the current 
baud 


rate. 
If TE, 
RE are set again within 
one 
bit time. 
there 
may be 


the 
case 
where 
the 
initializing 
of internal 
function 
for 
trans- 
mitter 
and receiver 
does not 
take place correctly. 


• 
Transmit 
Operation 


Data 
transmission 
is enabled 
by 
the 
TE 
bit 
in the 
TRCS 


register. 
When 
set, 
the 
output 
of 
the 
transmit 
shift 
register 


is connected 
with 
Port 
2 bit 
4 which 
is unconditionally 
con- 


figured 
as an output. 


After 
RES, 
the user 
should 
initialize 
both 
the 
RMC 
register 


and 
the TRCS 
register 
for desired 
operation. 
Setting 
the TE bit 


causes 
a transmission 
of ten-bit 
preamble 
of" 
I "s. Following 
the 


preamble, 
internal 
synchronization 
is established 
and 
the 
trans- 


mitter 
is ready 
to 
operate. 
Then 
either 
of the 
following 
states 


exists. 
(I) 
If the 
transmit 
data 
register 
is empty 
(TDRE 
= I), 
the 
consecutive 
"I "s 
are 
transmitted 
indicating 
an 
idle 
states. 
(2) 
If 
the 
data 
has 
been 
loaded 
into 
the 
Transmit 
Data 


Register 
(TDRE 
= 0), 
it 
is transferred 
to 
the 
output 


shift 
register 
and data 
transmission 
begins. 
During 
the 
data 
transfer, 
the 
start 
bit 
("0") 
is first 
trans- 


ferred. 
Next 
the 
8-bit 
data 
(beginning 
at bit 0) and 
finally 
the 


stop 
bit ("'I "). When 
the contents 
of the Transmit 
Data 
Register 


is transferred 
to the 
output 
shift 
register, 
the hardware 
sets the 


TDRE 
nag 
bit: 
If the 
CPU 
fails 
to respond 
to the 
nag within 


the 
proper 
time, 
TDRE 
is kept 
set and then 
a continuous 
string 


of I 's is sent until 
the data 
is supplied 
to the data register. 


• 
Receive 
Operation 


The 
receive 
operation 
is enabled 
by 
the 
RE 
bit. 
The 
serial 


input 
is connected 
with 
Port 
2 bit 
3. The 
receiver 
operation 


is determined 
by 
the contents 
of the TRCS 
and 
RMC 
register. 


The 
received 
bit 
stream 
is synchronized 
by the 
first 
"0" 
(start 


bit). 
During 
10·bit 
time, 
the 
data 
is strobed 
approximately 
at 


the 
center 
of each 
bit. 
If the 
tenth 
bit 
is not 
"I" 
(stop 
bit), 


the system 
assumes 
a framing 
error 
and the ORFE 
is set. 


If the 
tenth 
bit is "I n, ·the data 
is transferred 
to the 
receive 


data 
register, 
and 
the 
RDRF 
nag is set. 
If the 
tenth 
bit of the 


next 
data 
is received 
and 
still 
RDRF 
is preserved 
set, 
then 


ORFE 
is set indicating 
that 
an overrun 
error 
has occurred. 


After 
the 
CPU 
read 
of 
the 
status 
register 
as a response 
to 


RDRF 
nag 
or 
OR FE 
nag, 
followed 
by 
the 
CPU 
read 
of 
the 


receive 
data 
register, 
RDRF 
or OR FE will be cleared. 


• 
RAM 
CONTROL 
REGISTER 


The 
register 
assigned 
to 
the 
address 
$0014 
gives 
a status 


information 
about 
standby 
RAM. 


Bit 0 Not used. 
Bit 1 Not used_ 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enabla. 
Using this control bit, the user can disable the RAM. RAM 


Enable bit is set on the posillve edge of RES and RAM 
IS 
enabled. 
The program 
can write 
"I" 
or "0". 
If RAME is 
cleared, 
the RAM address becomes external 
address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Bit 
This bit can be read or written 
by the user program. It is 
cleared when the Vcc 
voltage is removed. Normally this bit 


is set by the program before going into stand-by mode. When 
the 
CPU recovers 
from stand-by 
mode, 
this bit should 
be 
checked. 
If it is "I ", the data of the RAM is retained during 


stand-by and it is valid. 


• 
GENERAL 
DESCRIPTION 
OF INSTRUCTION SET 


The HD63POIMI has an upward object code compatible with 


the HD6801 to utilize all instruction 
sets of the HMCS6800. 
The execution 
time of the key instruction is reduced to increase 
the system through-put. 
In addition, the bit operation instruc- 


tion, 
the 
exchange 
instruction 
between 
the index 
and the 


accumulator, 
the 
sleep instruction 
are added. 
This section 


describes: 


•CPU programming model (See Fig. 23) 
• Addressing modes 
• Accumulator 
and memory manipulation 
instructions (See 


Table 8) 
•New instructions 
•Index' register and stack manipulation 
instructions 
(See 
Table 9) 
•Jump and branch instructions (See Ta~le 10) 
•Condition 
code 
register 
manipulation 
instructions 
(See 


Table I I) 
•Op-code map (See Table 12) 
• Cycle-by-Cycle Operation (See Table 13) 


• CPU Programming Model 


The programming model for the HD63POIMI is shown in Fig- 


ure 23. The double accumulator 
is physically the same as the 


accumulator 
A concatenated 
with the accumulator 
B, so that 


the contents of A and B is changed with executing operation of 
an accumulator D. 


~ 
A 
'1J~ 
!!. 
~8-8;1 A=muloto"A 
•••• 8 


15 
DOOr 
16·8it DoubleAccumuletor0 


I,· 
X 
ollndU 
RlIlIister (X) 


I,· 
SP 
01 Steck 
Pointer 
lSP) 


I•• 
PC 
01 Progrwn Counter 
IPC) 


7 
0 


~ 


1 
H 
I 
N Z 
V 
C Condition CodeRegister(CCA) 


Carry/Borrow 
from MSB 


Overflow 
Zero 
Negative 


Interrupt 


Half Carry (From Bit 3) 


• 
CPU Addressing Modes 
The HD63POIMI has seven address modes which depend on 


both of the instruction type and the code. The address mode for 
every instruction 
is shown along with execution time given in 


terms of machine cycles (Table 8 to 
12). When the clock 
frequency is 4 MHz, the machine cycles will be microseconds. 
Accumulator (ACCX) Addressing 
Only the accumulator (A or B) is addressed. Either accumula· 


tor A or B is specified by one-byte instructions. 
Immediate Addressing 
In this mode, the operand is stored in the second byte of the 


instruction except that the operand in LDS and LDX, etc are 
stored 
in the second and the third byte. These are two or 


three-byte instructions. 
Direct Addressing 
In this mod~, the ~~cond byte of instruction 
indicates the 


address where the ope'Jnd 
is stored. Direct addressing allows 


the user to directly address the lowest 256 Bytes in the machine 
locations 
zero 
through 
255. 
Improved 
execution 
times are 


achieved 
by 
storing 
data 
in 
these 
locations. 
For 
system 


configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte 
instructions 
except 
the 
AIM, OIM, ElM and TIM 


which have three- byte. 
Extended Addressing 
In this mode, 
the second byte 
indicates 
the upper 8 bits 


addresses where the operand is stored, while the third byte 
indicates 
the 
lower 
8 bits. This is an absolute 
address in 
memory. These are three-byte instructions. 
Indexed Addressing 
In this mode, the contents of the second byte is added to the 


lower 8 bits in the Index Register. For each of AIM, OIM, ElM 
and TIM instructions, the contents of the third byte are added 
to the 
lower 8 bits in the Index Register. In addition, 
the 


resulting "carry" 
is added to the upper 
8 bits in the Index 


Register. The result is used for addressing memory. Because the 
modified 
address is held in the Temporary 
Address Register, 


there is no change to the Index Register. These are two-byte 
instructions but AIM, OIM, ElM, TIM have three-byte. 
Implied Addressing 
In this mode, the instruction 
itself gives the address; stack 


pointer, index register, etc. These are I-byte instructions. 
Relative Addressing 
In this mode, the contents of the second byte is added to the 


lower 8 bits in the program counter. 
The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 
10 +129 bytes of Ihe 


current execution instruclion. These are two-byte instruclions. 
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CondItIon 
Code 
Addressing Modes 
Regllt.r 


Oper.tions 
Mnemonic 
800le.n/ 


IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
5 
4 
3 
2 , 
0 


OP - • 
OP - • 
OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Add 
AOOA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A+M-A 
I · 
1 
1 
I 
I 


ADDB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B+M-a 
1 · , , 
I 
1 


Add Doable 
AOOD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A: 
B + M: 
M+1-A:B 
·· 


I 
I 
1 
I 


Add Accumulators 
A8A 
18 
1 
1 
A. 
8- 
A 
I · 


1 
I 
I 
I 


Add With Carry 
AOCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
89 
4 
3 
A+M+C-A 
I · : 
I 
I 
1 


AOC8 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-8 
I · 


I 
I 
I 
1 


AND 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
84 
4 
3 
A'M-A 
·· 


I 
I 
A · 
AND8 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M- 
8 
·· 


I 
I 
A · 
8i1 Test 
BIT A 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
85 
4 
3 
A'M 
• I· 
J 
I 
A · 
BIT 
8 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
8'M 
·;. I , 
A · 
C~.r 
CLA 
6F 
5 
2 
7F 
5 
3 
00- 
M 
·· 


A 
S 
A 
A 


CLAA 
4F 
1 
1 
00- 
A 
·· 


A 
S 
A 
A 


CLR8 
5F 
1 
1 
00- 
8 
·· 


A 
S 
A 
A 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
81 
4 
3 
A-M 
·· 


I 
I 
I 
I 


CMPB 
C1 
2 
2 
01 
3 
2 
E1 
4 
2 
Fl 
4 
3 
8 
- M 
·· 


I 
I 
I 
I 


Compare 
CeA 
11 
1 
1 
A-8 
·· 


I 
I 
I 
I 
Accumulators 


Compliment. 
1's 
COM 
63 
6 
2 
73 
6 
3 
M-M 
·· 


I 
I 
A 
S 


COMA 
43 
1 
1 
A -A 
·· 


I 
I 
A 
S 


COM8 
53 
1 
1 
8 
-8 
·· 


I 
I 
A 
S 


Complement. 
2's 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 


I 
I , 


IN.tel 
NEGA 
40 
1 
1 
oo-A-A 
·· 


I 
I <D~ 


NEG8 
50 , 
1 
00-8-8 
·· 


I 
I <DQ> 


Decimal 
Adjust, 
A 
OAA 
19 
2 
1 
Converts binary 
add of BCD ·· 


I 
I 
I :i) 
characters Into 8CD 
format 


Oecrflnent 
OEC 
6A 
6 
2 
7A 
6 
3 
M-l 
-M 
·· 


1 
I @. 


OECA 
4A 
1 
1 
A -1 
- 
A 
·· 


I 
I @. 


OEca 
5A 
1 
1 
B-1-B 
·· 


I 
I @. 


Exelusiw 
OR 
EORA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
88 
4 
3 
A@M-A 
·· 


I 
1 
A · 
EOA8 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
8 @M- 
8 
·· 


I 
I 
A · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+1-M 
·· 


I 
I 
CD • 


INCA 
4C 
1 
1 
A + 1 - 
A 
·· 


I 
I @. 


INC8 
5C 
1 
1 
8 + 1- 
B 
·· 


1 
I · 
Lood 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M-A 
·· 


" 
I 
A · 
Accumulator 
LOA8 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-8 
·· 


1 
I 
A · 
L<»d Double 
LOO 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 - 
B, M- 
A 
·· 


1 
I 
A · 
Accumulator 


Multiply 
Unsigned 
MUL 
3D 
7 
1 
Ax8-A:B 
···· • 
@ 


OR, 
Inclusiw 
OAAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
8A 
4 
3 
A+M-A 
·· 


I 
I 
A · 
DRAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
8 + M- 
8 
·· 


I 
1 
A · 
Push Data 
PSHA 
36 
4 
1 
A - 
Msp, SP - 
1 - 
SP 
······ 
PSHB 
37 
4 
1 
B - 
MSP. SP - 1 - 
SP 
······ 
Pull Data 
PULA 
32 
3 
1 
SP.1-SP.Msp-A 
······ 
PULB 
33 
3 
1 
SP+1-SP.Msp-B 
······ 
Rotate 
Left 
AOL 
69 
6 
2 
79 
6 
3 
:}l(}1! I I I ! ! !~ ·· 


I 
I @ I 


ROLA 
49 
1 
1 
·· 


I 
I 
@ I 


AOL8 
59 
1 
1 
• 
b1 
bO ·· 


I 
I 
I 


Rotate 
Right 
AOA 
66 
6 
2 
76 
6 
3 
:} L:fi1 ! ! I I ! I ! ~ ·· 
1 
1 
I 


RORA 
46 
1 
1 
·· 


1 
I 
@ I 


AOA8 
56 
1 
1 
• 
b1 
be ·· 


I 
I 
@ I 
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Addressing 
Modes 
Conditton 
Code 
Register 
Operations 
Mnemonic 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
BooI •• n! 
5 
4 
3 
2 
1 
0 
ArithmetH: 
Operltion 


DP - - 


DP - - 


DP - - 


DP - - 


DP - - 


H 
I 
N 
Z 
V 
C 


Shih 
Left 
ASL 
68 
6 
2 
78 
6 
3 
Ml 
- 
·· 
I I ~ I 
Arithmetic 
ASLA 
48 , , 
A '?1 II 
11111 
t--o ·· 
I I @l 


ASL8 
58 , , 
..1 
1IO ·· 
I I @l 


Double 
Shih 
ASLD 
05 , 1 ~ 
AteAll xee. 
l-O ·· 
I I • I 
Left, 
Arithmetic 
AJ 
AOIJ 
10 


Shih 
R~ht 
ASR 
67 
6 
2 
77 
6 
3 


=1 en I® 
I~ ·· 
I I 
I 
Arithmetic 
ASRA 
47 , 
1 
·· 
I I 
I 


ASR8 
57 , 
1 ..i 
1IO ·· 
I I 
6 
I 


Shih 
Right 
LSR 
64 
6 
2 
74 
6 
3 
=l~ 
I -- 
·· 


R I 
I 
Logical 
LSRA 
44 , , 
111111bO~ 
·· 


R I 
6 
I 


LSR8 
54 
1 
1 . ., 
·· 
R I 
I 


Double 
Shift 
O~ -- 
~l 
LSRD 
04 , 
1 
ACCMAJ.~CC.IO~ ·· 


R I 
Right 
Logical 
., 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
87 
4 
3 
A_M 
·· 
I I 
R · 
Ac::eumulator 
STA8 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
8 _ 
M 
·· 
I I 
R · 
Store 
Double 
STD 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 


A_M 
·· 
I I 
R · 
Accumulator 
8_M.' 


Subtract 
SU8A 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
80 
4 
3 
A-M_A 
·· 
I I I I 


SU88 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
8-M_8 
·· 
I I I I 


Double 
SubtrKt 
SU8D 
83 
3 
3 
93 
4 
2 
A3 
5 
2 
83 
5 
3 
A, 
8 -M, 
M.'-A: 
8 ·· 
I I I I 


Subtract 
S8A 
10 , 1 
A - 8- 
A 
·· 
I I I I 
Accumulators 


Subtract 
SBCA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
82 
4 
3 
A-M-C-A 
·· 
I I I I 
With 
Carry 
S8C8 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
8-M-C-8 
·· 
I I I I 


Transfer 
TA8 
'6 
1 
1 
A_ 
8 
·· 
I I 
R · 
Accumulators 
T8A 
17 , 1 
8_ 
A 
·· 
I I 
R · 
Test Zero 
or 
TST 
60 
4 
2 
70 
4 
3 
M-oo 
·· 
I I 
R 
R 
Minus 
TSTA 
40 
1 , 
A -00 
·· 
I I 
R 
A 


TSTB 
50 , , 
8 - 00 
·· 
I I 
R 
R 


And 
Immediete 
AIM 
71 
6 
3 
6' 
7 
3 
M·IMM-M 
• • I I 
R • 
OR Immedi.te 
DIM 
72 
8 
3 
82 
7 
3 
M+IMM_M 
• • I I 
R • 
EOR Immedi.te 
ElM 
75 
8 
3 
85 
7 
3 
M$lMM-M 
• • I I 
R • 
Test 
Immedi.te 
TIM 
78 
4 
3 
68 
5 
3 
M·IMM 
• • I I 
R • 
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• 
New Instructions 
In addition to the HD6801 Instruction Set, the HD63POIMI 


has the following new instructions: 
AIM----(M)· 
(IMM)-+(M) 


Evaluates 
the AND of the immediate 
data and the 


memory, places the result in the memory. 
OIM---- (M) + (IMM) -+(M) 


Evaluates 
the 
OR of the immediate 
data 
and the 


memory. places the result in the memory. 
EIM----(M)0 
(IMM)-+(M) 


Evaluates 
the EOR 
of the immediate 
data and the 


contents of memory, places the result in memory. 


T1M----(M)· 
(IMM) 
Evaluates 
the AND of the immediate 
data and the 


memory. changes the flag of associated condition code 
register 
. 


Each instruction 
has three bytes; the rust is op-code, the 


second is immediate data, the third is address modifier. 
XGDX--(ACCD)" 
(IX) 
Exchanges the contents of accumulator and the index 
register. 


SLP----The 
MPU is brought 
to the sleep mode. For sleep 


mode, see the "sleep mode" section. 


Addressing 
Modes 
Conditton 
Code 


Boo"I"' 
Regilt., 


Point ••. Operations 
Mnemon'c 
IMMEO. 
DIRECT 
INOEX 
EXTEND 
IMPLIED 
ArithtNtic 
Operation 
5 • 
3 
2 
1 
0 


OP - • 
OP - • 
OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Comp.,. 
Inde. Reg 
CPX 
8C 
3 
3 
9C 
4 
2 
AC 
5 
2 
8C 
5 
3 
X-M:M+l 
·· 


I I I I 


Decr.ment 
Ind,x Reg 
DEX 
09 
1 
1 
X-l-X 
··· 
I ·· 
Decrement StIck Pntr 
DES 
34 
1 
1 
SP-l-SP 
······ 
Increment 
Index 
Reg 
INX 
08 
1 
1 
X+ 
1- 
X 
··· 
I ·· 
Increment 
StIck 
Pnt, 
INS 
31 
1 
1 
51'+1-5' 
······ 
LNd 
Index 
Reg 
LOX 
CE 
3 
3 
DE • 
2 
EE 
5 
2 
FE 
5 
3 
M-XH,CM+1)-XL 
· 
• 
(i) I 
R · 
LNd 
Steck 
Pntr 
LOS 
8E 
3 
3 
9E • 
2 
AE 
5 
2 
BE 
5 
3 
M- 
sPH.IM+U-sPL ·· 


<1> I 
R · 
Stor. 
Index 
Reg 
STX 
OF • 
2 
EF 
5 
2 
FF 
5 
3 
XH"'" M. XL - 
(M + 1) · • 
<1> I 
R · 
Stor, StIck Pnu 
STS 
9F • 
2 
AF 
5 
2 
BF 
5 
3 
SPH ....•M. SPL ....•1M + 1) · 
.<1> 
I 
R · 
Index 
Reo"'" 
Steck 
Pnt, 
TXS 
35 
1 
1 
X-'-SI' 
······ 
Stack Pnt, ....•Index Reg 
TSX 
30 
1 
1 
$P+l-X 
······ 
Add 
ABX 
3A 
1 
1 
B+X-X 
······ 
Push 
Oete 
P$HX 
3C 
5 
1 
XL - 
Mil). 
$P - 
1 ....•SP ······ 
XH"'" Mil). 
$P - 
1 ....•SP 


Pull0.,. 
PULX 
38 • 
1 
SP+ l-SP,M.,- 
XH ······ 
SP+l-sP.M 
•....• XL 


Exch.nge 
XGDX 
18 
2 
1 
ACCD-IX 
• • • • • • 
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Addressing 
Modes 
Condition 
CoM 
Regist.r 
Operations 
Mnemonte 
RELATIve 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Branch 
Test 
5 " 
3 
2 
I 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
C 


Branch 
Always 
BRA 
20 
3 
2 
None 
······ 
Branch 
Never 
BRN 
21 
3 
2 
None 
······ 
Branch 
If Carry 
CI.r 
BCC 
2" 
3 
2 
CoO 
······ 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C-l 
······ 
Branch 
If - Z.,o 
BEa 
27 
3 
2 
Z-1 
······ 
Branch 
If :> Zero 
BGE 
2C 
3 
2 
N0v-0 
······ 
Branch 
If > Zero 
BGT 
2E 
3 
2 
Z. 
IN 0 
VI- 
0 
······ 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z-O 
······ 
Branch 
If " 
Zero 
BlE 
2F 
3 
2 
Z + IN 
C±> V) 
- 
1 
······ 
Branch 
If Lovwr 
Or 
BlS 
23 
3 
Z 
C + Z,. 
1 
······ 
Som. 


Branch 
If < Zero 
BlT 
20 
3 
2 
N0 
V-I 
······ 
Branch 
If Minus 
8MI 
28 
3 
2 
N - 1 
······ 
Branch 
If Not 
Equal 
8NE 
26 
3 
2 
ZoO 
······ 
Z•• 
o 


Branch 
If O ••• rflow 
8VC 
28 
3 
2 
V-O 
······ 
Clur 


Branch 
If o....rftow 
Set 
8VS 
29 
3 
2 
V-I 
······ 
Branch 
If Plus 
8Pl 
2A 
3 
2 
N-O 
······ 
Branch 
To SubroutiM 
8SR 
80 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump 
To SUbroutine 
JSR 
90 
5 
2 
AD 
5 
2 
80 
6 
3 
······ 
No Operation 
NOP 
01 
1 
1 
Advancas 
Proto Cntr. ······ 


Only 


Return 
From 
Int.,rvpt 
RTI 
38 
10 
1 
-@- 


Return 
From 
RTS 
39 
5 
1 
······ 


Subroutine 


Softwera 
Interrupt 
SWI 
3F 
12 
1 
· 


S ···· 
Wait for 
Int ••.•.upt· 
WAI 
3E 
9 
1 
·00···· 
....., 
SlP 
lA 
4 
1 
• • • • • • 
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ddreuingModesl 
Condition 
Code 
Register 


()prtfetionl 
Mnemonic 
IMPLIED 
Boolean 
Operation 
5 
4 
3 
2 
1 
0 


OP 
- • 
H 
I 
N 
Z 
V 
C 


C••••. c.rry 
CLC 
OC 
1 , 
O~C 
· · · · · 


R 


Ctur 
Interrupt Milk 
CLI 
OE 
1 , 
0-1 
· 


R · · · · 
Cloer o..rflow 
CLV 
01' 
, , 
O-V 
· · · · 


R · 
Sot <:0<", 
SEC 
00 
1 
1 
, ~C 
· · · · · 


S 


set Interrupt Mask 
SEI 
OF , 
1 
, -I 
· 


S · · · · 
Sot O-flow 
SEV 
OB , , 
,~V 
· · · · 


S · 
Aee:umulltor A - 
CCR 
TAP 
06 
1 , 
A~ 
CCR 
@ 


CCR - 
Accumuletor A 
TPA 
07 
, 
1 
CCR 
- 
A 
• I • I • I • 
• I· 


Condition Code Register Notes: (Bit set if test is true and cleared otherwise 
I 


(0 
(Bit VI 
Test: 
Result· 
'ס0ooooo1 


(i) 
(Bit Cl 
Test: 
Result, 
0ס0ooooo1 


® 
(Bit C) 
Test: 
BCD Character of high~rder 
byte greater than 
9? {Not cleared if previously setl 


@ 
(Bit VI 
Test: Operand 
z 1ס0ooooo prior to execution? 


® 
(Bit VI 
Test: Operand 
z 01111111 
prior to execution? 


® 
tBit V) 
Test: Set equal to N_Czl 
after the execution of instructions 


(1) 
(Bit NI 
Test: 
Result lessthan zero? (Bit 15"'1) 


® 
(All Bit) 
Load Condition Code Register from Stack. 
® 
(Bit II 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 
state. 
@) 
(All Bitl 
Set according to the contents of Accumulator A. 


® 
(Bit CI 
Result of Multiplication 
Bit 7= 1 of ACCB? 


ClI 
instructions and interrupt. 
If interrupt mask-bit is set (1="1") and interrupt is requested ORQ1 
I: "0" or IRQ2 
= "0"1,. 


and then CLI instruction is executed, the CPU respondsas follows. 
1 
the next instruction of CLI is one-machine cycle instruction. 
Subsequent two instructions are executed before the interrupt is responded. 
That is. the next and the next of the next instruction are executed. 
2 
the next instruction of CLI is two-machine cycle lor more) instruction. 
Only the next instruction is executed and then the CPU jump to the interrupt routine. 


Even if TAP instruction is used, instead of CLI, the same thing occurs. 


OP 
ACC 
ACC 
% 


ACCA 
or SP 
Acca 
or 
X 


INO 


CODE 
A 
B 
OIR 
IMM 
I 
OIR 
I 
INO 
I 
EXT 
IMM 
I 
OIR 
I 
INO 
I 
EXT 


~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 I 
1001 I 
1010 1 1011 
1100 1 1101 I 
1110 I 
1111 


LO 
0 
1 
2 
, 
4 
5 
6 
7 
8 
I 
9 
I 
A 
I 
B 
C 
I 
0 
I 
ElF 


0000 
0 
./" 
SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
1 
NOP 
CBA 
BRN 
INS 
----- 
I 
AIM 
CMP 
I 


0010 
2 ~ 
~ 
BHI 
PULA --- 
I 
DIM 
SBC 
2 


0011 , ~. 
../' 
BLS 
PULB 
COM 
SUBO 
1'000 
, 


0100 
4 
LSRO 
./" 
BCC 
DES 
lSR 
AND 
4 


0101 
5 
ASlO 
../' 
BCS 
TXS --- 
I 
ElM 
BIT 
5 


0110 
I 
TAP 
TAB 
BNE 
PSHA 
ROR 
lOA 
6 


0111 
7 
TPA 
TBA 
BEa 
PSHB 
ASR 
../'1 
STA 
./" 
I 
STA 
7 


1000 
8 
INX 
XGOX 
BVC 
PUlX 
ASl 
EOR 
I 


1001 
9 
OEX 
OM 
BVS 
RTS 
ROl 
AOC 
9 


1010 
A 
ClV 
SlP 
BPL 
ABX 
OEC 
QRA 
A 


1011 
B 
SEV 
ABA 
BMI 
RTI --- 
I 
TIM 
ADO 
B 


1100 
C 
CLC 
~ 
BGE 
PSHX 
INC 
CPX 
lOO 
C 


1101 
0 
SEC 
./ 
BLT 
MUL 
TST 
BSR I 
JSR 
~·I 
STO 
0 


1110 
E 
CLI 
./" 
BGT 
WAI 
~I"""""""I 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI 
../' 
BLE 
SWI 
ClR 


•••••••••••. 
1 
STS 
........-l 
STX 
F 


0 
1 
2 
, 
4 
I 
5 
I 
I 
I 
7 
8 
1 
9 
I 
A 
I 
B 
C 
I 
DIE 
I 
F 
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• 
Instruetion Execution Cycles 
In the HMCS6800 series, the execution 
cycle of each in- 


struction is the number of cycles between the start of the current 
instruction 
fetch and just before the start of the subsequent 
instruction fetch. 
The HD63POIMI 
uses a mechanism 
of the pipeline con- 


trol for the instruction 
fetch and the subsequent 
instruction 


fetch is performed 
during the current 
instruction 
being exe- 


cuted. 


Therefore, 
the method to count instruction 
cycles used in 
the HMCS6800 series cannot be applied to the instruction cy- 
cles such as MULT, PULL, DAA and XGDX in the HD63POIMI. 


Table 
13 provides the information 
about 
the rel~onship 
among each data on the Address Bus, Data Bus, and RfW status 
in cycle·by·cycle basis during the execution of each instruction. 


Address 
Mode & 
Instructions 


ADC 
ADD 
1 
Op Code Address+1 
1 
Operand 
Data 
AND 
BIT 
2 
Op Code Address+2 
1 
Next Op Code 
CMP 
EOR 
2 


LOA 
ORA 


SBC 
SUB 


ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Operand Data (MSB) 
LDD 
LDS 
3 
2 
Op Code Address+2 
1 
Operand Data (LSB) 
LDX 
SUBD 
3 
Op Code Address+3 
1 
Next Op Code 


ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Address of Operand (LSB) 
AND 
BIT 
2 
Address of Operand 
1 
Operand 
Data 
CMP 
EOR 
3 
3 
Op Code Address+2 
1 
Next Op Code 
LDA 
ORA 


SBC 
SUB 


STA 
1 
Op Code Address+ 
1 
1 
Destination Address 


3 
2 
Destination Address 
0 
Accumulator Data 


3 
Op Code Address+2 
1 
Next Op Code 
ADDD 
CPX 
1 
Op Code Address+ 
1 
1 
Address of Operand (LSB) 
LDD 
LDS 
4 
2 
Address of Operand 
1 
Operand Data (MSB) 
LDX 
SUBD 
3 
Address of Operand + 1 
1 
Operand 
Data (LSB) 


4 
Op Code Address+2 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address+ 
1 
1 
Destination Address (LSB) 
STX 
4 
2 
Destination Address 
0 
Register Data (MSB) 


3 
Destination Address + 1 
0 
Register Data (LSB) 


4 
Op Code Address+2 
1 
Next Op Code 
JSR 
1 
Op Code Address+ 
1 
1 
Jump Address (LSB) 


2 
FFFF 
1 
Restart Address (LSB) 


5 
3 
Stack Pointer 
0 
Return Address (LSB) 


4 
Stack Pointer-l 
0 
Return Address (MSB) 


5 
Jump Address 
1 
First Subroutine Op Code 
TIM 
1 
Op Code Address + 1 
1 
Immediate Data 


4 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 


3 
Address of Operand 
1 
Operand 
Data 


4 
Op Code Address+3 
1 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+1 
1 
Immediate Data 
OIM 
2 
Op Code Address+2 
1 
Address of Operand (LSB) 


6 
3 
Address of Operand 
1 
Operand Data 


4 
FFFF 
1 
Restart Address (LSB) 


5 
Address of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 
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Address 
Mode & 


Instructions 


JMP 
1 
Op Code Address+ 
1 
1 
Offset 
3 
2 
FFFF 
1 
Restart Address 
(LSB) 


3 
Jump Address 
1 
First Op Code of Jump Routine 
ADC 
ADD 
1 
Op Code Address+ 
1 
1 
Offset 


AND 
BIT 
2 
FFFF 
1 
Restart Address 
(LSB) 
CMP 
EOR 
4 
3 
IX + Offset 
1 
Operand 
Data 


LOA 
ORA 
4 
Op Code Address+2 
1 
Next Op Code 


SBC 
SUB 


TST 
STA 
1 
Op Code Address+ 
1 
1 
Offset 


4 
2 
FFFF 
1 
Restart Address 
(LSB) 


3 
IX + Offset 
0 
Accumulator 
Data 


4 
Op Code Address+2 
1 
Next Op Code 


ADDD 
1 
Op Code Address+ 
1 
1 
Offset 


CPX 
LDD 
2 
FFFF 
1 
Restart Address 
(LSB) 
LOS 
LOX 
5 
3 
IX+Offset 
1 
Operand 
Data (MSB) 
SUBD 
4 
IX+Offset+l 
1 
Operand 
Data (LSB) 


5 
Op Code Address+2 
1 
Next Op Code 


STD 
STS 
1 
Op Code Address+ 
1 
1 
Offset 


STX 
2 
FFFF 
1 
Restart Address 
(LSB) 
5 
3 
IX+Offset 
0 
Register Data (MSB) 
4 
IX+Offset+l 
0 
Register Data (LSB) 


5 
Op Code Address+2 
1 
Next Op Code 


JSR 
1 
Op Code Address+ 
1 
1 
Offset 
2 
FFFF 
1 
Restart Address 
(LSB) 


5 
3 
Stack Pointer 
0 
Return Address 
(LSB) 


4 
Stack Pointer - 1 
0 
Return Address 
(MSB) 


5 
IX + Offset 
1 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+ 
1 
1 
Offset 


COM 
DEC 
2 
FFFF 
1 
Restart Address 
(LSB) 
INC 
LSR 
6 
3 
IX + Offset 
1 
Operand 
Data 


NEG 
ROL 
4 
FFFF 
1 
Restart Address 
(LSB) 
ROR 
5 
IX+Offset 
0 
New Operand 
Data 


6 
Op Code Address+ 
2 
1 
Next Op Code 


TIM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 
2 
Op Code Address+2 
1 
Offset 
5 
3 
FFFF 
1 
RestilLt Address 
(LSB) 


4 
IX + Offset 
1 
Operand 
Data 
5 
Op Code Address+3 
1 
Next Op Code 


CLR 
1 
Op Code Address+ 
1 
1 
Offset 
2 
FFFF 
1 
Restart Address 
(LSB) 
5 
3 
IX + Offset 
1 
Operand 
Data 
4 
IX + Offset 
0 
00 
5 
Op Code Address+2 
1 
Next Op Code 


AIM 
ElM 
1 
Op Code Address+ 
1 
1 
Immediate 
Data 


OIM 
2 
Op Code Address+2 
1 
Offset 
3 
FFFF 
1 
Restart Address 
(LSB) 


7 
4 
IX+Offset 
1 
Operand 
Data 
5 
FFFF 
1 
Restart Address 
(LSB) 


6 
IX + Offset 
0 
New Operand 
Data 


7 
Op Code Address+3 
1 
Next Op Code 
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I 


Address 
Mode 
& 
Instructions 


JMP 
1 
Op Code Address + 1 
1 
Jump 
Address 
(MSB) 


3 
2 
Op Code Address+2 
1 
Jump 
Address 
(LSB) 


3 
Jump 
Address 
1 
Next Op Code 
ADC 
ADD 
TST 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 
AND 
BIT 
4 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 
CMP 
EOR 
3 
Address 
of Operand 
1 
Operand 
Data 
LDA 
ORA 
4 
Op Code Address+3 
1 
Next Op Code 
SBC 
SUB 


STA 
1 
Op Code Address+1 
1 
Destination 
Address 
(MSB) 


2 
Op Code Address+2 
1 
Destination 
Address 
(LSB) 
4 
3 
Destination 
Address 
0 
Accumulator 
Data 


4 
Op Code Address+3 
1 
Next Op Code 
ADDD 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 
CPX 
LDD 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 
LDS 
LDX 
5 
3 
Address 
of Operand 
1 
Operand 
Data (MSB) 
SUBD 
4 
Address 
of Operand + 1 
1 
Operand 
Data (LSB) 


5 
Op Code Address+3 
1 
Next Op Code 
STD 
STS 
1 
Op Code Address + 1 
1 
Destination 
Address 
(MSB) 
STX 
2 
Op Code Address+2 
1 
Destination 
Address 
(LSB) 


5 
3 
Destination 
Address 
0 
Register 
Data (MSB) 


4 
Destination 
Address+ 
1 
0 
Register 
Data (LSB) 


5 
Op Code Address + 3 
1 
Next Op Code 
JSR 
1 
Op Code Address+ 
1 
1 
Jump 
Address 
(MSB) 


2 
Op Code Address+2 
1 
Jump 
Address 
(LSB) 


6 
3 
FFFF 
1 
Restart 
Address 
(LSB) 


4 
Stack 
Pointer 
0 
Return Address 
(LSB) 


5 
Stack 
Pointer-1 
0 
Return Address 
(MSB) 


6 
Jump 
Address 
1 
First Subroutine 
Op Code 
ASL 
ASR 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 
COM 
DEC 
2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 
INC 
LSR 
6 
3 
Address 
of Operand 
1 
Operand 
Data 
NEG 
ROL 
4 
FFFF 
1 
Restart 
Address 
(LSB) 
ROR 
5 
Address 
of Operand 
0 
New Operand 
Data 


6 
Op Code Address+3 
1 
Next Op Code 
CLR 
1 
Op Code Address+ 
1 
1 
Address 
of Operand 
(MSB) 


2 
Op Code Address+2 
1 
Address 
of Operand 
(LSB) 


5 
3 
Address 
of Operand 
1 
Operand 
Data 


4 
Address 
of Operand 
0 
00 
5 
01' Code Address+3 
1 
Next Op Code 
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Address 
Mode & 


Instructions 


ABA 
ABX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


ASl 
ASlD 


ASR 
CBA 


ClC 
Cli 
ClR 
ClV 


COM 
DEC 


DES 
DEX 


INC 
INS 


INX 
lSR 
1 


lSRD 
ROl 


ROR 
NOP 


SBA 
SEC 


SEI 
SEV 


TAB 
TAP 


TBA 
TPA 


TST 
TSX 
TXS 
DAA 
XGDX 
2 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 
PULA 
PUlB 
1 
Op Code Address+ 
1 
1 
Next Op Code 
3 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer + 1 
1 
Data from 
Stack 
PSHA 
PSHB 
1 
Op Code Address + 1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Accumulator 
Data 


4 
Op Code Address+l 
1 
Next Op Code 


PUlX 
1 
Op Code Address+ 
1 
1 
Next Op Code 


4 
2 
FFFF 
1 
Restart 
Address 
(lSB) 


3 
Stack 
Pointer + 1 
1 
Data from 
Stack 
(MSB) 


4 
Stack 
Pointer + 2 
1 
Data from 
Stack 
(lSB) 
PSHX 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack 
Pointer 
0 
Index Register 
(lSB) 


4 
Stack 
Pointer-l 
0 
Index Register 
(MSB) 


5 
Op Code Address+ 
1 
1 
Next Op Code 


RTS 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(lSB) 


5 
3 
Stack 
Pointer + 1 
1 
Return Address 
(MSB) 


4 
Stack 
Pointer + 2 
1 
Return Address 
(LSB) 


5 
Return Address 
1 
First Op Code of Return Routine 
MUl 
1 
Op Code Address+ 
1 
1 
Next Op Code 
2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
FFFF 
1 
Restart 
Address 
(LSB) 


7 
4 
FFFF 
1 
Restart 
Address 
(lSB) 


5 
FFFF 
1 
Restart 
Address 
(lSB) 


6 
FFFF 
1 
Restart 
Address 
(lSB) 


7 
FFFF 
1 
Restart 
Address 
(lSB) 
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Address 
Mode 
& 
Instructions 


WAI 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return 
Address 
(LSB) 


4 
Stack 
Pointer-1 
0 
Return Address 
(MSB) 


9 
5 
Stack 
Pointer-2 
0 
Index Register 
(LSB) 


6 
Stack 
Pointer-3 
0 
Index Register 
(MSB) 


7 
Stack 
Pointer-4 
0 
Accumulator. 
A 


8 
Stack 
Pointer-5 
0 
Accumulator 
B 


9 
Stack 
Pointer-6 
0 
Conditional 
Code Register 
RTI 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer + 1 
1 
Conditional 
Code Register 


4 
Stack 
Pointer + 2 
1 
Accumulator 
B 


10 
5 
Stack 
Pointer + 3 
1 
Accumulator 
A 


6 
Stack 
Pointer + 4 
1 
Index 
Register 
(MSB) 


7 
Stack 
Pointer + 5 
1 
Index Register 
(LSB) 


8 
Stack 
Pointer + 6 
1 
Return Address 
(MSB) 


9 
Stack 
Pointer + 7 
1 
Return Address 
(LSB) 


10 
Return Address 
1 
First Op Code of Return Routine 
SWI 
1 
Op Code Address+ 
1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


3 
Stack 
Pointer 
0 
Return Address 
(LSB) 


4 
Stack 
Pointer 
- 
1 
0 
Return Address 
(MSB) 


5 
Stack 
Pointer 
- 
2 
0 
Index Register 
(LSB) 


12 
6 
Stack 
Pointer 
- 
3 
0 
Index 
Register 
(MSB) 


7 
Stack 
Pointer 
- 4 
0 
Accumulator 
A 


8 
Stack 
Pointer 
- 5 
0 
Accumulator 
B 


9 
Stack 
Pointer 
- 6 
0 
Conditional 
Code Register 


10 
Vector 
Address 
FFFA 
1 
Address of SWI Routine (MSB) 


11 
Vector 
Address 
FFFB 
1 
Address of SWI Routine (LSB) 


12 
Address 
of SWI Routine 
1 
First Op Code of SWI Routine 
SLP 
1 
Op Code Address+1 
1 
Next Op Code 


2 
FFFF 
1 
Restart 
Address 
(LSB) 


1 


FFFF 
High Impedance-Non MPX Mod 


4 
Address 
Bus -MPX 
Mode 
Sleep 


1 
I 
3 
FFFF 
Restart 
Address 
(LSB) 


4 
Op Code Address+ 
1 
Next Op Code 
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Address Mode & 


Instructions 


BCC 
BCS 
1 
Op Code Address+ 
1 
1 
Branch Offset 


BEO 
BGE 
3 
2 
FFFF 
1 
Restart Address (lSB) 


BGT 
BHI 
3 
( BranchAddress······Test=·'· 
1 
First Op Code of Branch Routine 
BlE 
BlS 
OpCodeAddress+'···Test=·O· 
Next Op Code 


BlT 
BMT 


BNE 
BPl 
BRA 
BRN 


BVC 
BVS 
BSR 
1 
Op Code Address+1 
1 
Offset 
2 
FFFF 
1 
Restart Address (lSB) 


5 
3 
Stack Pointer 
0 
Return Address (lSB) 


4 
Stack Pointer-1 
0 
Return Address (MSB) 


5 
Branch Address 
1 
First Op Code of Subroutine 


• 
LOW 
POWER 
CONSUMPTION 
MODE 


The HD63POIMI 
has two low power consumption 
modes; 


sleep and standby mode. 


• 
SleepMode 
On execution of SLP instruction, 
the MCU is brought to the 


sleep mode. In the sleep mode, the CPU sleeps (the CPU clock 
becomes inactive), but the contents of the registers in the CPU 
are retained. In this mode, the peripherals of CPU will remain 
active. So the operations 
such as transmit and receive of the 


SCI data and counter 
may keep in operation. 
In this mode, 


the power consumption 
is reduced to about 
1{6 the value of 


a normal operation. 


The escape from this mode can be done by interrupt, RES, 
STBY. The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt 
routine. When the CPU has masked the interrupt 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt 
request to the 


CPU. 


This sleep mode is available to reduce an average power 


consumption 
in the applications of the HD63PO1MI which may 


not be always running . 


• 
Standby Mode 
Bringing STBY 
"Low", 
the CPU becomes 
reset and all 


clocks of the HD63POIMI 
become inactive. It goes into the 


standby mode. This mode remarkably reduces the power con· 
sumptions of the HD63POIMI. 


In the standby 
mode, if the HD63POIMI 
is continuously 


supplied with power, the contents 
of RAM is retained. The 


standby mode should escape by the reset start. The following 
is the typical application of this mode. 


First, NMI routine stacks the MCV's internal information and 


the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the Standby bit, and then goes into the standby 
mode. If the Standby 
bit keeps set on reset start, it means 


that 
the power has been kept during standby mode and the 


contents 
of RAM is normally guaranteed. The system recovery 


may be possible by returning SP and bringing into the condition 
before the standby mode has started. The timing relation for 
each line in this application is shown in Figure 24. 


I 
I 
I 


I 
I 
I 


I 
I 


LST.Y~ 
r:- 


II 
~: 
I 
I 
I 
I 


~ 
~ 


~ Stack registers 
05Cil.lator I 


() :1~e~O~~rol 
:::mg 
~ 
restart 


-----<1'-1 -_ 
.....• 
, 
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• 
ERROR 
PROCESSING 


When 
the 
HD63POIMI 
fetches 
an undefined 
instruction 
or 


fetches 
an instruction 
from 
unusable 
memory 
area, 
it generates 
the 
highest 
priority 
internal 
interrupt, 
that 
may 
protect 
from 


system 
upset 
due to noise 
or a program 
error. 


• 
Op-Code Error 
Fetching 
an undefined 
op-eode,the 
HD63POIMI 
will stack the 


CPU 
register 
as in the case of a normal 
interrupt 
and vector 
to 


the TRAP 
(SFFEE, 
SFFEF), 
that 
has a second 
highest 
priority 


(RES 
is the highest). 


• 
Address Error 
When 
an instruction 
is fetched 
from 
other 
than 
a resident 


ROM, 
RAM, 
or 
an external 
memory 
area, 
the 
CPU 
starts 
the 
same 
interrupt 
as op·code 
error. 
In the case which 
the instruc· 


tion 
is fetched 
from 
external 
memory 
area 
and 
that 
area 
is not 


usable, 
the address 
error 
cannot 
be detected. 
The 
addresses 
which 
cause 
address 
error 
in particular 
mode 


are shown 
in Table 
14. 


This feature 
is applicable 
only 
to the instruction 
fetch, 
not 
to 


normal 
read/write 
of data accessing. 


Mode 
0 
1 
2.4 
5 
6 
7 


$סס oo 
5סס oo 
$סס oo 
$סס oo 
$סס oo 
$סס oo 


\ 
\ 
\ 
\ 
\ 
\ 


Address 
$DOIF 
$DOIF 
$DOIF 
$D07F 
$DOIF 
$0Ci7F 


$0200 
$0100 


\ 
\ 


$OFFF 
$OFFF 


Transitions 
among 
the 
active 
mode, 
sleep 
mode, 
standby 
mode 
and reset are shown 
in Fig. 26. 


Figures 
27, 28, 29 and 30 shows 
a system 
configuration. 
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Figure 26 
Transitions 
among Active Mode, Standby 
Mode, 


Sleep Mode, and Reset 


Vcc 
VCC 


Enable 
Enable 


c:J 
NMi 
c:::::J 
NMI· 


IRQ1 
fAlr, 


Port 
J 
ST8Y 


RES 
8 Transfer 
RES 
Lines 


Port 1 
HD63P01M1 
Pon 
1 
81/0 
81/0 Lin" 
Lines 


053 


Port 4 
Port 2 
POft 2 
Port 
4 


8 I/O lines 
5 I/O 
Lines 
51/0 
LUleS 
8110 lint'S 


SCI 
SCI 


16 Bit Timer 
16 Bit 
Timer 
VSS 
V.S 


Figure 27 
HD63POl M 1 MCU Single-Ghip 
Dual Processor Configuration 
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Figure 28 
HD63POl Ml 
MCU Expanded 
Non-Multiplexed 
Mode 
(Mode 5) 
Figure 29 
HD63P01Ml 
MCU Expanded 
Multiplexed 
Mode 
(Modes 2, 4 and 6) 
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• 
PRECAUTION 
TO THE 
BOARD 
DESIGN OF OSCILLA- 
TION 
CIRCUIT 
As shown in Fig. 31, there is a case that the cross talk dis- 


turbs 
the 
normal 
oscillation 
if signal lines are put near the 


oscillation 
circuit. When designing a board, pay attention 
to 
this. 
Crystal and CL must be put as near the HD63POIMI 


as possible. 


Do not use this kind of print board design. 


Figure 31 
Precaution to the boad design of 
oscillation circuit 


• 
PIN CONDITIONS 
AT 
SLEEP AND 
STANDBY 
STATE 
• 
Sleep State 
The conditions of power supply pins (pins I and 21), clock 


pins (pins 2 and 3), input pins (pins 4, 5, 6 and 7) and E clock 
pin (pin 40) are the same as those of operation. Refer to Table 
15 for the other pin conditions. 
Both address (Ao - A12) 
and 


chip enable (CE) for the EPROM are in "I" state. 


• 
Standby State 
__ 
Only power supply pins (pins I and 21) and STBY pin (pin 7) 


are active. As for the clock pin EXTAL(pin3), its input is fIXed 
internally so the MCV is not influenced by the pin conditions. 
XTAL (pin 2) is in "I" 
output. 
All the other pins are in high 
impedance. 
Both address (Ao - A12) 
and chip enable (CE) for 


the EPROM are in "I" output. 


~ 


0 
, 
2.4 
5 
6 
7 
Pin 


Function 
I/O Port 
Lower 
Address 
Bus 
I/O Port 
~ 
~ 
~ 
Port 
1 
PIO-PI7 
Condition 
Keep the condition 
Output 
"'" 


Keep the condition 
~ 
~ 
~ 
just before sleep 
just before sleep 


Function 
I/O Port 
~ 
~ 
~ 
~ 
~ 
Port 
2 
P20 -P14 
Condition 
Keep the condition 
~ 
~ 
~ 
~ 
~ 


just before sleep 


E: Lower 
Address 
E: Lower Address 
E: Lower 
Address 
Function 
Bus 
Data Bus 
Bus 
Data Bus 
Bus 
I/O Port 
Port 3 
E: Data Bus 
E: Data Bus 
E: Data Bus 
P1o-Pn 


Condition 
E: Output 
"'" 
High Impedance 
E: Output "1" 
High Impedance 
E: Output 
.,," 
Keep the condition 
E: High Impedance 
E: High Impedance 
E: High Impedance 
just before sleep 


Function 
Upper Address 
~ 
~ 
lower 
Address Bus 
Upper Address Bus 
I/O Port 
or Input Port 
or Input 
Port 


Port 4 
Address Bus: Out· 
PlIO-p••, 
put "1" 
Keep the condition 
Condition 
Output 
"1" 
~ 
~ 
Port: Keep the can- 
~ 
just before sleep 
dition just before 
sleep 


SC, 
Output 
"1" 
~ 
~ 
~ 
~ 
Output 
"'" 
(Read Condition) 


SC, 
Output Address 
~ 
~ 
Output "'" 
Output Address 
Input Pin 
Strobe 
Strobe 
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~ 


0 
, 
2,4 
5 
Pin 
6 
7 


Port' 
high impedance 
(input) · 
• 
• 
• 
• 
PIO 
- 
P17 


Port 
2 
high impedance 
(input) 
P20 
- 
P2• 
• 
• 
· 
· 
• 


Port 
3 
E: "'" 
output 
E: "'''output 
E:"'" 
output 


E: "'" 
output 


lNOIf 


) 
high impedance 
E: "'" 
output 
lNoul 
high impedance 
E: •.,It 
outputlNOlel 
high impedance 
P,o - 
P37 
(high impedance) 
(high impedance) 
(high impedancel 
(input) 


Port 4 
high impedance 
• 
· 
p.o - p.7 
(input) 
· 
· 
• 


SC2 
"'" 
output 
(READ) 
· 
· 
• 
• 
"'" 
output 


SC, 
E: "'" 
output 
• 
• 
"'" 
output 
E: "," 
output 
high impedance 
E: high impedance 
E: high impedance 
(input) 


Ao - 
A12, CE "'" 
output 
• 
• 
· 
• 
• 


{Notel 
In mode 
0, 2, 4, 6. port 
3 is set to "'" 
output 
state 
during 
E = "'" 
and it causes 
the conflict 
with 
the output 
of external memory. 
Follow- 
ing 1 and 2 should be done to avoid the conflict; 
(1) 
Construct 
the system 
that 
disables 
the external 
memory 
during 
reset. 


(2) 
Add 4.7kn 
pull-down resistance to the SCI 
pin (AS) to make 
SC1 
pin "0" 
level during E = "'''. 
This operation 
makes 
port 
3 high impedance 
state. 


• 
PRECAUTION 
TO 
EMULATE 
THE 
HD6301V1 
BY 


HD63P01M1 
The 
internal 
EPROM 
of the 
HD63POIMI 
provides 
8k bytes 


address 
space 
located 
from 
$EOOO through 
$FFFF, 
The follow- 


ings 
should 
be 
noted 
to 
emulate 
the 
HD630lVI 
(4k 
bytes 


internal 
ROM) with 
the HD63POIMI. 


I. Mode 
5 
(Expanded 
Non-multiplexed 
Mode) 
and 
Mode 
7 


(Single 
Chip Mode) 


Use 4k bytes 
of EPROM 
address 
space located 
from 
$FOOO 


through 
$FFFF. 


2. Mode 6 (Expanded 
Multiplexed 
Mode) 


Use 4k bytes 
of EPROM 
address 
space 
located 
from 
$FOOO 


through 
$FFFF. 
But 
do 
not 
use 
4k 
bytes 
from 
$EOOO 


through 
$EFFF 
because 
these 
addresses 
are internal 
for the 


HD63POIMI, 
while 
these 
are external 
for the HD630lVI. 


3. Mode 
1,2,4 
No 
need 
to 
be careful, 
since 
ROM 
address 
is external 
in 


these 
cases. 


$EOOO 
$EOOO 
I ",,,",, MO.." 
}'"',,"" 
Address 
$FOOO 
(EPROM) 


Internal Address 


SFFFF 
SFFFF 


Figure 
32 
Address 
Map of Mode 6 
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• 
PRECAUTION 
TO 
USE THE 
EPROM ON·PACKAGE 


8 BIT 
SINGLE 
CHIP MICROCOMPUTER 


Please pay attention 
to the followings, since this MCU has 
special structure with pin socket on the package. 
(I) 
Don't apply high static voltage or surge voltage over MAX· 
IMUM RATINGS to the socket pins as well as the LSI pins. 
If not, that may cause permanent damage to the device. 
(2) When using 32k EPROM (24 pin), insert it on the mark side 


and let the four above pins open. 


ro_ 
•• 
_ 
•• 
_--, 
'0 
0_ 
tQ 
q; 


o 
0 


o 
0 
o 
0 
o 
o 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 


.3,4,2 
JAPAN 


HD63P01Ml 


(3) When using this in production 
like mask ROM type single 


chip microcomputer, 
pay attention 
to the followings to 


keep the good contact between the EPROM pins and socket 
pins. 
(a) 
When soldering the LSI on a print circuit board, the 
recommended condition is 


Temperature: 
lower than 250°C 


Time 
: 
within 10 sec. 


(b) Note that the detergent or coating will not get in the 


socket 
during 
flux washing 
or board 
coating 
after 


soldering, because that may cause bad effect on socket 
contact. 


(c) 
Avoid permanent 
application 
of this under the condi· 


tion of vibratory place and system. 


(d) The socket, 
inserted 
and pulled repeateoly 
lOses ItS 


contactability. 
It is recommended 
to use new one 


when applied in production. 
Ask our sales agent about anything unclear. 


• 
PRECAUTION 
TO 
THE 
BOARD 
DESIGN 
OF 
OSCIL· 


LATION 
CIRCUIT 


As shown in Fig. 33, there is a case that the croSStalk dis· 


turbs the normal oscillation if signal lines are put near the oscil· 
lation circuit. 
When designing a board, pay attention 
to this. 
Crystal and CL must be put as near the HD63POIMI as possible. 


~ ~ 
E 
E 
~ ~ 
fi) 
u; 
cl 


rP= 
,pCl 


r-20mmmax-1 
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• 
RECEIVE 
MARGIN 
OF THE 
SCI 
Receive margin of the SCI contained 
in the HD63POIMI 
is shown in Table 17. 
Note: 
SCI = Serial Communication 
Interface 


Character distortion 
tolerance 


IT-To) ITo 
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HD63P05VO,HD63PA05VO, 
HD63PB05VO 
CMOS MCU (Microcomputer 
Unit) 


The 
HD63P05YO 
is an CMOS 
8-bit 
single.chip 
microcom· 


puter 
unit 
which 
has a 4k·byte 
or 
8k-byte 
EPROM 
on 
the 


package. It is compatible 
with 
the HD6305YO 
except for ROM 


which 
is not 
included 
in the HD63P05YO. 
It can be used not 


only 
for 
debugging 
and 
evaluating 
the 
internal 
program 
of 


HD6305XO 
or HD6305YO, 
but also for small·sized 
production 


preceding mask ROM. 


HD63P05YO, 
HD63PA05YO, 
HD63PB05YO 


• 
FEATURES 


• 
Pin compatible 
with 
HD6305XO 
and HD6305YO 


• 
256·byte 
of RAM 


• 
A total 
of 55 terminals, 
including 
32 I/O's, 
7 inputs 
and 16 


outputs. 


• 
Two timers 
B-bit timer with a 7·bit prescaler (programmable 
prescaler; 


event counter) 
15·bit timer 
(commonly 
used with the SCI clock divider) 


• 
On-<:hip serial interface 
circuit 
(synchronized 
with clock) 


• 
Six 
interrupts 
(two 
external, 
two 
timer, 
one serial and one 


software) 
• 
Low 
power 
dissipation 
modes 
- 
Wait, 
Stop 
and Standby 


Mode 
• 
Minimum instruction cycle time 
HD63P05YO 
1 p.s (f = 1 MHz) 


HD63PA05YO 
0.67 p.s (f = 1.5 MHz) 


H D63PB05YO 
0.5 p.s(f = 2 MHz) 


• 
Similar to HD6BOO instruction 
set 


• 
Bit manipulation 


• 
Bit test and branch 


• 
Versatile interrupt 
handling 


• 
Full set of conditional 
branches 


• 
New instructions 
- 
STOP, WAIT, 
DAA 


• 
Applicable 
to 4k or Bk bytes of EPROM 


4k bytes; HN482732A 
8k bytes; HN482764, 
HN27C64 


Vss 
1 0 
Go 
m 
G, 


TI'IT 
3 
G, 
~. 
1 G, 


XTAL 5 
G. 


EXTAL • 
G, 


NUM 
G, 


TIMER 
• 
o Vec 
VecO 
G, 


A, 
9 
F, 


Aa ~ 
CAI2 
VecO 
F, 


A, :;; 
OA, 
VecO 
F, 


A4 
12 
OA, 
A,O 
F. 


A,l 
F, 


A" 
OA, 
A, 
0 
, F, 


A., 
OA. 
All 0 
F, 


Ao 1 
Fo 


B, 
1 
OA, 
VSSo 
E, 


B,' 
OA, 
AloO 
E, 


B" 
cro 


E, 


B. 
OA. 
E. 


B321 
OAo 
0, 
0 
E, 


B, 
2 
000 
0,0 
E, 


B, 2 
E, 


Bo 
00. 
0,0 
1 Eo 


Cl/Tx 
00, 
0.0 
D, 


Ce/Rx 
OVss 
0'0 


D,/ffl"I'i 


C5/~ 
7 
D, 


C. 
7 D. 


C, 
D, 


C, 
D, 


C, ~ 
D, 


Co~ 
Vcc 


Type No. 
Bus Timing 
Applied 
EPROM 


HD63P05YO 
1 MHz 
HN482732A·30, 
HN482764-3, 
HN27C64-30 


HD63PA05YO 
1.5 MHz 
HN482732A·30, 
HN482764-3, 
HN27C64-30 


HD63PB05YO 
2 MHz 
HN482732A·25, 
HN482764, 
HN27C64·25 
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Port A 
1/0 
Terminals 


Port B 
1/0 
Terminals 


Port C 
1/0 
Terminals 


Serial 
Data 
Register 


On Package 
r-----------, 


1 
1 


1 
Ao I 


I 
All 
I 
~:I 


1 
A. I 
I 
As 1 


I 
Ao I 


1 
EPROM 
A'I 


I 
:: 
I 


1 
A10I 


I 
AliI 


I 
Aul 
I 
crl 


1 
I 


I 
I 


I 
1 


I 
00, 


I 
011 


I 
8:: 


I 
0,1 


I 
00 1 


I 
0.1 


I 
0, 1 


I 
1 
L______ 
_...J 


Address, 
eE 
Output 


Accumulator 


• 
A 


Index 
Register 
x 


Condition 
Code 
Register 
cc 


Stack 
Pointer 
Sp 


Program 
Counter 
"High" 
PCH 
Program 
Counter 
"Low" 
PCl 


D, 
OalrN'T';" 


0, 
Port 0 
D. 
OJ 
Input 
01 
Terminals 
D, 


Port E 
Output 
Terminals 


Port F 
Output 
Terminals 


Go 
G,0, 
Port G 


G, 
1/0 
G. 
Terminals 
G, 
Go 
G, 
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Item 
Symbol 
Value 
Unit 


Supply 
voltage 
Vee 
-0.3-+7.0 
V 


Input voltage 
Vin 
-0.3 - 
Vee 
+ 0.3 
V 


Operating 
temperature 
Topr 
0- 
+70 
°c 
- 
Storage temperature 
Tstg 
-55-+150 
°c 


[NOTE] 
Th ••• 
products 
have I protection 
circuit 
in their 
input 
terminals 
against 
high electrostatic 
voltage 
or high electric 
fields. 
Notwithstanding, 
be careful 
not to apply any voltage higher than the absolute maximum 
rating to these high input 
impedance circuits. 
To assure normal 
oporltlon. 
_ 
recommended Vln. Vout; Vss ~ (Vln or Vout) ~ VCC' 


• ELECTRICAL CHARACTERISTICS 


• DC CharacteristiCi (Vcc 
= 5.0V ± 10%. VSS = GND and T. = 0 - 
+70·C unless oth_ise 
specified) 


Input 
voltage 
"High" 


Current 
_•• 


dissipation 


Input 
leakage 
current 


Three- 
state 
current 


Input 
capacity 


RlS.miY 


EXTAL 


Vec- 
0.5 


VCC x 0.7 


2.0 


-0.3 


Vcc+ 
0.3 


Vcc+ 
0.3 


Vcc+ 
0.3 


0.8 
All 
Input 


Operating 


Wait 


Stop 


Standby 


TIMER. 
TN'F. 
~D,. 


Ao-A" 
Bo - 
B" 


Co-C" 
Go - G,. 
Eo- E,·· 
Fo - F';·· 


Vin = 0.5- 


Vcc 
- 0.5V 


f = lMHz, 
Vin = OV 


• 
The value at f· xMHz can be calculated 
by the following 
equation: 
Ice (te: xMHz) = Ice (fe 1MHz) multiplied 
by x 
•• 
At standby 
mode 


••• 
All output and RES terminals 
are open (VIH min - VCC-1.OV, 
VIL 
max = O.8VI. and Ice of EPROM is not included. 
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Test 
HD63P05YO 
HD63PA05YO 
HD63PB05YO 
Item 
Symbol 
condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock 
fel 
0.4 
- 
4 
0.4 
- 
6 
0.4 
- 
8 
MHz 
frequency 


Cycle time 
tcyc 
1.0 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
lis 


INT pulse 
tlWL 
te~e 
- 
- 
tcyc 
- 
- 
teye 
- 
- 
ns 
width 
+2 0 
+200 
+200 


INTz 
pulse 
tcyc 
tcyc 
tcyc 
- 
- 
width 
tlWL2 
+250 
- 
- 
+200 
- 
- 
+200 
ns 


RES pulse 
tRwL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
teye 
width 


TIMER 
pulse 
tcyc 
teye 
tcyc 


width 
tTWL 
+250 
- 
- 
+200 
- 
- 
+200 
- 
- 
ns 


Oscillation 
CL = 22pF ± 


20"JO 
start time 
tose 
R, = 60n 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 
(crystal) 
max 


Reset delay 
tRHL 
External 
cap. 
80 
- 
- 
80 
- 
- 
80 
- 
- 
ms 
time 
2.21lF 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
condition 


Output 
volt- 
IOH = -2001lA 
2.4 
- 
- 
V 


VOH 
age "High" 
Ports A, 
IOH = -lOIlA 
Vee 
- 0.7 
- 
- 
V 
B,C,G, 
Output 
volt- 
E,F 


VOL 
IOL = 1.6mA 
- 
- 
0.55 
V 
age "Low" 


Input 
volt- 
VIH 
2.0 
- 
Vee 
+ 0.3 
V 
age "High" 


Input 
volt- 
Ports A, 


V1L 
- 0.3 
0.8 
V 
age "Low" 
B, C, D, 
- 


G 
Input 
leak- 
IIILI 
Vin = 0.5- 
- 
- 
1 
IlA 
age current 
Vee 
- 0.5V 


Item 
Symbol 
Test 
HD63P05YO 
HD63PA05YO 
HD63PB05YO 


condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 
Clock cycle 
tScye 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
liS 
Data output 
delay time 
tTXD 
Fig. 1, 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 
Data set-up time 
tSRX 
Fig.2 
200 
200 
- 
- 
200 
- 
- 
ns 
Data hold time 
tHRx 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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Figure 1 SCI Timing (Internal Clock) 


'k~ 


ClockInput 
20V 
cva 
O'v 


0.1. Outpul 
24V 


Cl/TX 
o 6v 
>--- 


'- 
O.I.lnpul 
20V 
20V 
t----- 


CI/Rx 
o .V 
O'V 
>--- 


nL 
Load 


(Port) . 


Test 
point 


terminal 


{NOTES] 
1. 
The 
load 
capacitance 
includes 
stray 
capacitance 
caused 


by the probe, etc. 
2. 
All diodes 
are 1S2074 ®. 


-DESCRIPTION 
ON PIN FUNCTIONS 


Here is the description 
of HD63P05YO MCU input and 


output signals. 


• Vcc, Vss 
Power is supplied to the MCU using these two pins. When 


the operating voltage of the EPROM is 5.0V ± 5%, change Vcc 
according to that of EPROM. 


.INT,INT, 
Used for requesting an external interrupt 
to the MCU. For 


details, see "INTERRUPT". 
The INT, is used as the port D6 


pin. 


.XTAL, 
EXTAL 


Are input 
pins to the 
internal 
clock circuit. 
A crystal 


oscillator (AT cut, 2.0 to 8.0 MHz)or ceramic oscillator is con- 


nected 
to these pins. For instance, 
in order to obtain 
the 
system clock I MHz, a 4 MHz resonant fundamental crystal is 
useful because the divide-by-4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (±IO%) to drive, 
then 
the 
internal 
clock 
is a quarter 
the frequency 
of the 
external clock. External drive frequency will be 4 or less times 
the maximum internal clock. For external driving, no XTAL 
should be connected. 
Refer to "INTERNAL 
OSCILLATOR" 


for using these input pins . 


• TIMER 
Is an external input pin to control the internal Timer. For 


details, see "TIMER". 


_RES 
Is used for resetting MCU. For details, see "RESET". 


.NUM 
Is not for user application. It must be grounded to VSS. 


.INPUT/OUTPUT 
PINS IAo-A7, 
Bo-B7, 
CO-C7, GO-G7) 
32 pins consist of four 8-bit I/O ports (A, B, C, G). Each of 


them is used as input or output 
pin, through program control 
of the data direction register. For details, see "I/O PORTS". 


-INPUT 
PINS 10, - 07) 
Are 7 input-only pins compatible with the TIL and CMOS. 


D6 is used as INT,. When the D6 is used as the port, set the 
INT, 
interrupt 
mask bit of the miscellaneous register to "I" 


to prevent an INT, from accidental interruption. 


-OUTPUT 
PINS (Eo - E7, Fo - F7) 


Are 16 output-only 
pins compatible 
with the TTL and 
CMOS. 


_STBY 


Used for bringing the MCU into the standby mode. With 


STBY at "Low" level, the oscillation stops and internal situa· 
tion 
is reset. 
Fore details, see "STANDBY MODE". The 
following 
are I/O pins for serial communication 
interface 
(SCI), and used as ports C" 
C6, and C7. For details, see 
"SERIAL 
COMMUNICATION INTERFACE". 


.CK 
IC.) 
Used to input or output clocks when receiving or transmit· 


ting serial data. 


·Rx (C6) 
Used to receive serial data. 


-Tx (C7) 
Used to transmit serial data. 


-MEMORY MAP 
The memory 
map of the HD63P05YO MCU is shown in 


Fig. 4. During interrupt, the contents of the registers are saved 
in the stack as shown in Fig. 5. The saving begins with the 
lower byte (PCL) of the program counter. 
Then the stack 


pointer 
value is decremented, 
and the higher 
byte (PCH) 
of the program counter, 
index register (X), accumulator 
(A) 


and condition 
code register (CC) are stacked in this order. 


In subroutine calls, only the contents of the program counter 
(pCH and PCL) are stacked. 
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0 
$0000 
0 
PORT A 
$00 
I/O Ports 
1 
PORT B 
$01 
Timer 
2 
PORT C 
$02 
SCI 
3 
PORT 0 
$03" 
63 
64 
RAM 
4 
PORT 
A OOR 
$04" 


(192Bytes) 
5 
PORT 
BOOR 
$05' 
6 
PORT 
C OOR 
$06' 


255 
Stack 
7 
PORT 
G OOR 
$07" 


256 
RAM 
8 
Timer 
Data 
Reg 
$OB 


(64Bytes) 
9 
TImer 
CTRl 
Reg $09 


319 
10 
,sc 
eg 
$OA 


320 
11 
PORT E 
$OB 
12 
PORT F 
$OC 
13 
PORT G 
$00 
EPROM 


(7,872Bytes) 
Not Used 


8182 --------- 
$1FF6 
sel 
CTAL 
Reg 
$10 


Interrupt 
sel 
STS 
Reg 
$11 


8191 
Vectors 
S1FFF 
sel 
Data 
Reg 
$12 
8192 
$2000 


Not Used 


Not Used 


S3F 


16383 
$3FFF 
• Write only register 
•• 
Read only register 


7 
6 
543 
2 
1 
0 
Condition 
Code Register 
n + 1 


-REGISTERS 


There are five registers which the programmers can handle, 


eAccumulator 
(A) 
The accumulator 
is a general purpose g·bit register which 


holds operands, 
the results of arithmetic 
operations 
or data 
processing. 


el ndex Register (X) 
The index register is an g-bit register used for the index 


addressing mode. It contains an g·bit value to be added to an 
instruction 
value to create 
an effective address. The index 
register can also be used for data manipulations using the read- 
modify-write instruction, 
The index register may also be used 


as a temporary storage area. 


7 
0 


I=========A==========IAccumulator 
7 
0 


1 
-----x----~llndex 
_________ 
~ Register 


13 
0 


I 
PC 
IProgram 
. 
~Counter 


13 
6 5 
0 


~----S-P---~IStack 
~~ 
Po'"ter 


Condition 
Code 
Register 


~g~~~~ 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


The program counter is a 14-bit register which contains the 


address of the next instruction to be executed . 


e Stack Pointer (SP) 
The stack pointer is a I4-bit register which indicates the 


address of the next free location in the stack. Initially, the 
stack pointer 
is set to $OOFF. It is decremented 
as data is 


pushed in, and incremented 
as it is pulled out. The upper g 


bits of the stack pointer are fixed to 000000 II. 


During an MCU reset or when the reset stack pointer (RSP) 


instruction 
is executed, 
the 
pointer 
is set to the location 


$OOFF. A subroutine 
or interrupt 
may be nested down to 


location 
$OOCI which allows programmers 
to use up to 3 I 


levels of subroutine call or 12 levels of interrupt response. 


eCondition 
Code Register (CC) 
The condition 
code register is a S-bit register. Each bit 


indicates the result of the executed 
instruction. 
These bits 


can be individually tested by conditional branch instructions. 
The CC bits are as follows. 


Half Carry (H): Used to indicate 
a carry occurring between 


bits 3 and 4 during an arithmetic 
operation 


(ADD,ADC). 


Interrupt (I): 
Setting 
this bit causes all interrupts 
to be 


masked except for software ones. If an inter- 
rupt occurs while the bit I is set, the interrupt 
is latched, 
and 
processed 
as soon 
as the 


interrupt 
mask bit (I) is reset. (Exactly, 
the 


interrupt 
enters 
the processing routine after 


the instruction next to the CLI is executed.) 


Negative (N): 
Used to indicate that the result of the latest 
arithmetic operation, logical operation or data 
processing is negative (Bit 7 is logical" I"). 


Zero (Z): 
Used to indicate that the result of the latest 
arithmetic. operation, logical operation or data 
processing is zero. 


Carry/Borrow 
Shows a carry or borrow 
occurring 
in the 


(C): 
latest 
arithmetic 
operation. 
This bit is also 


affected by the Bit Test and Branch, Shift and 
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-INTERRUPT 
There are six different types of interrupt: 
external inter- 


rupt (INT, INT2), internal timer interrupts (TIMER, TIMER 
2), serial interrupt (SCI) and interrupt by an instruction (SWI). 
Of these six interrupts, 
the INT2 and TIMER, and SCI and 


TIMER 2 respectively generate the same vector address. When 
an interrupt 
occurs, the program in execution stops and CPU 


state at the interrupt 
is saved onto the stack. In addition, the 


interrupt 
causes the interrupt 
mask bit (I) in the condition 


code register to be set and obtains the gtart address of the 
interrupt 
routine 
from an assigned interrupt 
vector address 


before the interrupt 
routine starts frofn the state address. The 


system exits from the interrupt 
routine by RTI instruction. 
When the RTI instruction 
is executed, the CPU state before 


the interrupt 
(saved in the stack) is pulled and the CPU starts 
the program again from the next step to the interrupted 
one. 
Table 
I. 
lists the 
priority 
of interrupts 
and their 
vector 


addresses. 


1-1 
SFF-SP 
O-DDR'S 
CLRiNT Logic 
SFF-TDR 
S7F- Timer Prescaler 
S50-TCR 
S3F-SSR 
SOO-SCR 
S7F-MR 


Interrupt 
Priority 
Vector Address 


m 
1 
$lFFE, 
$lFFF 


SWI 
2 
$lFFC, 
$lFFD 


INT 
3 
$lFFA. 
$lFFB 


T1MER/INT2 
4 
$lFF8. 
$lFF9 


SCI/TIMER2 
5 
$lFF6, 
$lFF7 


A flow chart of the interrupt 
is shown in Fig. 7. Also a 


block diagram of the interrupt 
request 
source is shown in 
~ 
8. In the block diagram, both 
the external 
interrupts 
INT and INT2 are edge trigger inputs. 
At the falling edge 
of the in~ 
an interrupt request is generated and latched. 


The INT interrupt 
~est 
is automatically 
cleared if a 
program jumps to the INT routine. In the case of INT2, the 


interrupt 
request is cleared when "0" is written in bit 7 of 


the miscellaneous register. For external interrupts(INT,INT2), 
internal timer interrupts 
(TIMER, TIMER2) and serial inter- 


rupt (SCI), these interrupt requests are held, but not operated, 
while bit I of the condition code register is set. Immediately 
after 
the 
bit 
I is cleared, 
the 
corresponding 
interrupt 
is 
activated. 


The INT2 interrupt 
can be masked by setting bit 6 of the 


miscellaneous register; the TIMER interrupt 
by bit 6 of the 
timer control register, the SCI interrupt 
by bit 5 of the serial 


status register and the TIMER2 interrupt by bit 4 of the serial 
status register. 
' 


The state of the INT pin is tested by BIL or BIH instruc- 


tions. The INT falling edge detector circuit and its latch circuit 
are independent 
of tests by these instructions. 
The state of 


lNT2 pin is also independent. 
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• 
TIMER 
The MCU timer block diagram is shown in Fig. 9. The 8- 


bit counter 
is loaded under 
program control 
and is decre- 
mented 
by the 
clock input. 
When the timer data register 


(TOR) reaches 0, the timer interrupt 
request bit (bit 7) in the 
timer control 
register is set. The MCU responds to this inter- 
rupt by saving the present CPU state in the stack, fetching the 
~HITACHI 
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• 
Miscellaneous Register (MR: saOOA) 


The interrupt 
vector address for external interrupt 
INT2 is 


the same as that for the TIMER interrupt, 
as shown in Table 


1. For this reason, a special register called a miscellaneous 
register (MR: $OOOA)is available for INT2 interrupt 
control. 


Bit 7 of the miscellaneous register is of INT2 interrupt request 
flag. When the falling edge is detected at the INT2 pin, "I" is 
set in bit 7. The software 
in the interrupt 
routine (vector 


address: $IFF8, 
$IFF9) 
checks to see if it is INT2 interrupt. 


Bit 7 is reset by software. Bit 6 is the INT2 interrupt mask 
bit. If the bit is set to "I ", the INT2 interrupt is disabled. 


Miscellaneous Register (MR;$OOOA) 


76543210 


~ 


~ 
~~terruPt 
Mask 


-----------INT2 
Interrupt Request Flag 


Both "READ" 
and "WRITE" are possible with bit 7, but 


"I" 
can not be written to in this bit by software. Therefore, 
interrupt 
requests by software are not possible. By resetting, 
bit 7 is cleared and bit 6 is entered "I" . 


timer 
interrupt 
routine 
address 
from 
address 
$IFF8 
and 


$1FF9. The timer interrupt 
can be masked by setting the 


timer interrupt 
mask bit (bit 6) in the timer control register. 


The mask bit (I) in the condition code register can also disable 
the timer interrupt. 
The source clock for the timer can be 


either 
an external 
signal from the timer input 
pin or the 


internal 
E signal (oscillator 
clock divided by 4). If the E 


signal is selected as the source, the clock input can be gated 
by the input to the timer input pin. 


When the 
timer counter 
reaches "0", 
it starts counting 


down from $FF. The count can be monitored 
at any time by 


reading the timer data register. This function allows knowledge 
of the length of time after a timer interrupt 
with a program, 


without destroying the contents of the counter. 


When the MCU is reset, both 
the prescaler and counter 


return 
to the initial state of logical "I". 
At the same time, 


the timer interrupt 
request bit (bit 7) is cleared and the timer 


interrupt mask bit (bit 6) is set. Write "0" in the timer inter- 
rupt request bit (bit 7) to clear it. 


TCR7 


o 


• Timer Control Register (TCR; $0009) 


Selection 
of a clock source, selection of a prescaler fre- 


quency division ratio, and a timer interrupt 
can be controlled 


by the timer control register (TCR; S0009). 
For the selection of a clock source, anyone 
of the four 


modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L Prescaler division ratio selection 
Prescaler initialize 
-- 
.--------Clock 
input source 


Timer 
interrupt 
mask 
Timer 
in terrupt 
request 


After resetting, 
the TCR is initialized to "E under timer 


terminal control" 
(bit 5 = 0, bit 4 = I). If the timer terminal 
is 
"1", 
the 
counter 
starts 
counting 
down 
with 
"SFF" 
immediately after the reset. 


TCR 


Bit 5 
Bit 4 


Clock input source 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


(Internal 
Clock) 
E 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler division ratio 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+8 


1 
0 
0 
+16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+128 


The prescaler is initialized by writing "I" 
in bit 3. The bit is 


always 
"0", 
when 
"READ". 
A prescaler 
division ratio 
is 


selected by a combination 
of the three bits (bits 0, I and 2) 
of the timer control 
register (See Table 3). There are eight 


division ratios; +1, +2, +4, +8, +16, +32, +64 and + 128. 


After resetting, the TCR returns to the + I mode. The timer 
interrupt 
is enabled when the timer interrupt 
mask bit is "0", 


and disabled when the bit is "I". 
When a timer interrupt 
occurs, "I" 
is set in the timer interrupt 
request bit. The bit is 
cleared by writing "0" into it. 


-SERIAL 
COMMUNICATION INTERFACE (SCII 


Used for 8-bit data communication. 
Transfer rate ranges 
from IllS to about 32 ms (when oscillated at 4 MHz), and there 
are sixteen selections. 


The SCI consists of three registers, one octal counter and 
one prescaler. (See Fig. 10) The SCI communicates 
with the 
CPU through the data bus, and with peripherals through bits 
5, 6 and 7 of port C. Operations 
of the registers and data 
transfer are described below. 
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_ 
r--~--, 


Cs(CK) 
: 
I 
II 
IIII 
I 
Ca(Rx) 
: 
----, 
1 
C7~ 
IL 
.J 


Transfer 
Clock 
Generator 


eSCI Control Register (SCR; $00101 
Bit 7 (SCR7) 
When this bit is set, the DDR corresponding 
to the C7 


becomes "I" 
and this terminal serves for output of SCI data. 


After resetting the bit is cleared to "0". 


SCR6 


o 


SCR5 
SCR4 
Clock source 
Cs terminal 


0 
0 
- 
Used as I/O terminal (by 


0 
1 
- 
DDR). 


1 
0 
Internal 
Clock output (DDR output) 


1 
1 
External 
Clock input (DDR input) 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding 
to the C. 


becomes "0" and this terminal serves for input of SCI data. 
After resetting the bit is cleared to "0". 


Bits 5 and 4 (SCR5, SCR4) 
These bits are used to select a clock source. After resetting 


the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 
These bits are used to select a transfer clock rate. After 


resetting the bits are cleared to "0". 


Transfer clock rate 
SCR3 
SCR2 
SCRI 
SCRO 
4.00 MHz 
4.194 MHz 


0 
0 
0 
0 
1 /l" 
0.95/ls 


0 
0 
0 
1 
2/ls 
1.91 /lS 


0 
0 
1 
0 
4/ls 
3.82/ls 


0 
0 
1 
1 
8/ls 
7.64/ls 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768/ls 
1/32 s 
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-sel 0.'- Rlgilfer (SDR; $0012) 


A serial·parallel conversion register that is used for transfer 


of data. 


Bit 7 (SSR7) 
Bit 7 is the SCI interrupt 
request bit which is set on com- 


pletion 
of transmitting 
or receiving 8-bit data. It is cleared 


when reset or data is written to or read from the SCI data 
register with the SCR5="I". 
The bit can be cleared by writing 


"0" into it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER, interrupt request bit. TIMER, is com- 


monly used with the serial clock generator, 
and SSR6 is set 


each time the internal transfer clock falls. When resetting, 
the 


bit is cleared. It can also be cleared by writing "0" into it. 
(For details, see TIMER,). 


Bit 5 (SSR5) 
Bit 5 is the SCI interrupt 
mask bit which can be set or 


cleared by software. 
When it is "I", the SCI interrupt (SSR7) 


is masked. When resetting, it is set to "I ". 


Bit 4 (SSR4) 
Bit 4 is the TIMER, 
interrupt 
mask bit which can be set 


or cleared by software. 
When the bit is "I", 
the TIMER, 


interrupt (SSR6) is masked. When resetting, it is set to "I ". 


Bit 3 (SSR3) 
When "I" 
is written into this bit, the prescaler of the trans- 


fer clock generator 
is initialized. When "READ", 
the bit is 


always "0". 


Bits 2 - 0 
Not used. 


SSR7 
o 


1 


SCI interrupt request 


Absent 


SSR6 
o 


TIMER, interrupt request 


Absent 


Present 


SSR5 
o 


SCI interrupt mask 


Enabled 


Disabled 


SSR4 
o 


1 


TIMER, interrupt mask 


Enabled 


Disabled 


• 
Data Transmission 
By writing the desired control 
bits into the SCI control 


registers, a transfer rate and a transfer clock source are deter- 
mined and bits 7 and 5 of port C are set at the serial data 
output 
terminal 
and the serial clock terminal, 
respectively. 


The transmit 
data should be stored 
from the accumulator 


or index register into the SCI data register. The data written 
in the SCI data register is output 
from the C7/Tx 
terminal, 
starting with the LSB, synchronously 
with the falling edge 
of the serial clock (See Fig. II). When 8 bits of data have been 
transmitted, 
the interrupt 
request bit is set in bit 7 of the SCI 


status register with the rising edge of the last serial clock. This 
request can be masked by setting bit 5 of the SCI status re- 
gister. Once the data has been sent, the 8th bit data (MSB) 
stays at the C7/Tx 
terminal. 
If an external clock source has 


been selected, the transfer rate determined by bits 0 to 3 of 
the SCI control register is ignored, 
and the CSIC'K' terminal 
is set as input. If the internal clock has been selected, the Csi 
CK terminal is set as output 
and clocks are output 
at the 


transfer 
rate selected by bits 0 to 3 of the SCI control 
re- 


gister. 


• Data Reception 
By writing the desired control 
bits into the SCI control 
register, a transfer 
rate and a transfer 
clock source are de- 


termined and bit 6 and 5 of port C are set at the serial data 
input 
terminal 
and the 
serial clock terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 


system is ready for receiving data. 
(This procedure 
is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 


The data from the C./Rx 
terminal 
is input to the SCI 
data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig. 11). When 8 bits of data have been re- 
ceived, the interrupt 
request bit is set in bit 7 of the SCI 
status register. 
This request can be masked by setting bit 5 


of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored, and the data is received synchro- 
nously with the clock from the CSICK terminal. 
If the internal 
clock has been selected, the Cs/CK 
terminal is set as output 


and clocks are output at the transfer rate selected by bits 0 - 
3 of the SCI control register. 


.TlMER, 
The SCI transfer clock generator can be used as a timer. 


The clock selected by bits 3 to 0 of the SCI control register 
(4 J.lS to approx. 32 ms (when oscillated at 4 MHz» is input to 
bit 6 of the SCI status 
register and the TIMER, 
interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, 
TIMER, 
can be used as a 


reload counter or clock. 
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CD 
: Transfer 
clock 
generator 
is reset and mask bit 
(bit 4 


of SCI 
status register) is dea red. 


oo.@ :TIMER2 
interrupt request 


@.@ :TIMER1 
interrupt request bit cleared 


TIMER> is commonly 
used with the SCI transfer clock 


generator. 
If wanting to use TIMER> independently 
of the 


SCI, specify "External" 
(SCRS = I, SCR4 = I) as the SCI 


clock source. 


If "Internal" 
is selected as the clock source, reading or 


writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


-I/O 
PORTS 
There are 32 input/output 
terminals (ports A, B, C, G). 


Each I/O terminal can be selected for either input or output 
by the data direction register. Specifically, an I/O port will be 
input if "0" is written in the data direction register, and out- 
put if "I" is written in the data direction register. Port A, B or 
C reads latched data if it has been programmed as output, even 
with the output 
load, the output 
level fluctuating. (See Fig. 
12-a.) For port G, in this case, the level of the pin is always 
read when it is read. (See Fig. l2-b.) This implies that, even 
when "'" 
stays output, 
port G may read "0" if the load con- 


Bit of data 
Bit of 
Status of 
Input to 
direction 
output 
register 
data 
output 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3·state 
Pin 


dition causes the output voltage less than 2.0V. 


When resetting the data direction register and data register 


go to "0" 
and all input/output 
terminals are used as input. 


There are 16 output-only 
terminals (ports E and F). 
Each 


of them can also read. 
In this case, latched data is read even 


with the output 
terminal level being fluctuated 
by the output 


load (as with ports A, B and C). 


When resetting, 
"Low" 
level is output 
from each output 


terminal. 
Seven input-only 
terminals are available (port D). Writing 


to these ones is invalid. 
All input/output 
terminals, 
output 
terminals 
and input 


terminals 
are TTL compatible 
and CMOS compatible 
in re- 


spect of both input and output. 


If I/O ports or input ports are not used, they should be 


connected to V55 via resistors. 
With none connected to these 


terminals, 
there is the pOSSibility of power being consumed 


despite their not being used. 


-RESET 
The MCV can be reset either by external reset input (RES) 


or power-on 
reset. 
(See Fig. 13.) 
On power up, the reset 


input must be held "Low" for at least tose to assure that the 
internal 
oscillator 
is stabilized. 
A sufficient 
delay time can 


be obtained by connecting a capacitance to the RES input as 
shown in Fig. 14. 


HD63P05YO 
MCU 


-INTERNAL 
OSCILLATOR 
The 
internal 
oscillator 
circuit 
is designed to meet 
the 


requirement 
for minimum external configurations. 
It can be 


driven by connecting 
a crystal (AT cut 2.0 - 
8.0MHz) or 


ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 


Three different terminal connections are shown in Fig. 15. 


Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal. 
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6 EXTAL 


IO-8~OMHl= 
5 XTAL 


10-22pF±20% 


HD63P05YO 
MCU 


Cll 
6 EXTAL 
I CJ5 
XTAL 
»"2 


External 
Clock 
Input 
6 EXTAL 


NC 5 XTAL HD63P05YO 
MCU 


External Clock Drive 


Figure 15 
Internal Oscillator Circuit 


C, 
C~ 


S 


XTAL 
EXTAL 


5 
Co 
6 


AT Cut 
Parallel 
Resonance 
Co:o7pF max. 
f=2.0-a.OMHz 
Rs=6OQ max. 


[NOTEI 
Use as short wirings as possible for connection of the crystal 
with 
the EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings 
to cross others. 


-LOW 
POWER 
DISSIPATION 
MODE 


The HD63P05YO has three low power dissipation modes: 
wait, stop and standby. 


.Wait 
Mode 
When a WAIT instruction being executed, the MCU enters 


into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions 
- 
the timer and the serial communication 
inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication 
interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals 
hold 
the condition 
just before 
entering 
the wait 
mode. Both address (A. - A12) and chip enable (CE) for the 
EPROM are in "I" state. 


Release from this mode can be done by interrupt 
(INT, 


TIMER/INT2 
or SCI/TIMER2), 
RES or STBY. 
The RES 
resets the 
MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 


When interrupt 
is requested to the CPU and accepted. the 


wait mode is released and the CPU is brought to the operation 
mode and vectors to the interrupt 
routine. 
If the interrupt is 


masked by the I bit of the condition code register, after release 
from the wait mode the MCU executes the instruction follow- 
ing WAIT. If an interrupt 
other than the INT (i.e., TIMER/ 


INT2 or SCI/TIMER2) 
is masked by the timer control 
re- 


gister, miscellaneous 
register or serial status register, there 


is no interrupt 
request to the CPU, so the wait mode cannot 


be released. 
Fig. 18 shows a flowchart of the wait function. 


• Stop Mode 
When STOP instruction is being executed, the MCU enters 
the stop mode. In this mode, the oscillator stops and the CPU 
and 
peripheral 
functions 
become 
inactive 
but 
the 
RAM, 


register and I/O terminals hold the condition 
they had just 
before entering the stop mode. Both address (A. - Au) 
and 
chip enable (CE) for the EPROM are in "I" state. 


Release from this mode can be done by an external inter- 
rupt (INT or INT2), RES or STBY. The RES resets the MCU 
and the STBY brings it into the standby mode. 


When an interrupt 
is requested and accepted by the CPU, 


the stop mode is released and the CPU is brought in the opera- 
tion mode and vectors to the interrupt 
routine. 
If the inter· 
rupt 
is masked by the I bit of the Condition code register, 


after 
release from 
the 
stop 
mode, 
the MCU executes 
the 
instruction 
following STOP. If the INT2 interrupt 
is masked 
by the miscellaneous register, there is no interrupt 
request to 


the MCU, so the stop mode cannot be released. 


Fig. 19 shows the flowchart of the stop function. Fig. 20 


shows a timing chart of the return 
to the operation 
mode 


from the stop mode. 


For releasing from the stop mode by an interrupt, 
oscilla- 


tion starts upon input of the interrupt 
and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 
For restarting by RES, oscillation 
starts when the RES goes 
"0" and~ 
CPU restarts when the RES goes "I". 
The dura- 


tion of RES="O" must exceed tosc to assure stabilized oscil- 
lation. 


• Standby 
Mode 
__ 


The MCUenters the standby mode when the STBY terminal 
goes "Low". 
In this mode, all operations stop and the internal 
condition is reset but the contents of the RAM are held. The 
I/O terminals turn to high-impedance state. Both address (A. 
- 
Au) 
and chip enable (CE) for the EPROM are in "I" 


state. 
The 
standby 
mode 
should 
be released by bringing 
STBY "High". The CPU must be restarted by resetting. The 
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timing of input 
signals at the RES and STBY terminals is 


shown in Fig. 21. 


Table 4 lists the status of each parts of the MeV in each 


Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU. TIMER. SCI. 
I/O and All 
Other Functions 


Fetch 
Instruction 


low power dissipation modes. Transitions between each mode 
are shown in Fig. 22. 


Load PC from 
Interrupt Vector 
Addresses 
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Oscillator and 
All Clocks Stop. 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Fetch 
Instruction 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt 
Vector 


Addresses 
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Oscillator 
~ 


oscillator~ 


E~ 
I 
STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized (to,cl 


'" 'J 


t 
, 
I 
t 


t 
, 
I 
I 


I 
I 
I 
I 


I 
1 
I 
, 
•• _ 
•• _ 
••••• u 


Condition 


Mode 
Start 
Oscil· 
Timer, 
I/O 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT in· 
SfBY, RES, INT, INT 2, 
WAIT 
struction 
Active 
Stop 
Active 
Hold 
Hold 
Hold 
each interrupt 
request of 
Soft· 
TIMER 
TlMER2, 
SCI 
- 
ware 
STOP 
STOP in· 
Stop 
Stop 
Stop 
Hold 
Hold 
Hold 
STBY, RES, INT,INT2 
struction 


Stand· 
Hard· 
STBY="low" 
Stop 
Stop 
Stop 
Reset 
Hold 
High im· 
STBY="High" 
by 
ware 
pedance 
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Figure 22 
Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 


• PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 


TION CIRCUIT 


As shown in Fig.23, the cross talk may disturb normal 


oscillation 
if signal lines are set near the oscillation circuit. 


When designing a board, be careful of this. Crystal and CL 
must be put near XTAl and EXTAL pins as possible. 


Figure 23 
Precaution to the board design of 
oscillation circuit 


• 
PRECAUTION TO USE THE EPROM ON-PACKAGE a·BIT 
SINGLE-CHIP MICROCOMPUTER 


Please be careful of the following, since this MCV has a 


special structure with pin socket on the package. 
(I) 
Don't 
apply high static 
voltage or surge voltage over 


MAXIMUM RATINGS to the socket pins as well as the 
LSI pins. If so, that may cause permanent damage to the 
device. 
(2) When using 32k EPROM (24-pin), 
insert it leaving the 


four pins above open. 
(3) When inserting this into system products like mask ROM 


type single chip microcomputer, 
be careful of the follow- 


ing to give effective contact between the EPROM pins and 
socket pins. 


.-------/ 
10 
0, 
, 
, 
10 
01 
L 
~ 


1= 


;: 
A!I- 4G2 JAPAN 
1=1= 


'l;jI' HD63P05YO 


(a) 
When soldering the LSI onto a printed circuit board, 
the recommended condition is 


Temperature: 
lower than 250°C 


Time: 
within 10 sec. 


(b) 
Be careful that detergent or coating does not get into 
the socket during flux washing or board coating after 
soldering, 
because 
that 
may cause bad effect 
on 


socket contact. 


(c) 
Avoid permanent application of this under conditions 
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of continuous vibration. 
(d) 
The socket, 
repeatedly 
inserted and removed, loses 


its contactability. 
It is recommended 
to use new one 


when used in production. 


-BIT 
MANIPULATION 


The HD63P05YO MCV 
can use a single instruction 
(BSET 


or BCLR) to set or clear one bit of the RAM within page 0 or 
an I/O port (except the write-<mly registers such as the data 
direction register). Every bit of memory or I/O within page 0 
(SOO- 
SFF) can be tested by the BRSET or BRCLR instruc- 
tion; depending 
on the result of the test, the program can 
branch to required destinations. Since bits in the RAM on page 
0, or I/O can be manipulated, the user may use a bit within the 
RAM on page 0 as a flag or handie a single I/O bit as an 
independent 
I/O terminal. Fig. 24 shows an example of bit 


manipulation 
and 
the validity 
of test instructions. 
In the 


example, the program is configured assuming that bit 0 of port 
A is connected to a zero cross detector circuit and bit I of the 
same port to the trigger of a triac. 


The program shown can activate the triac within a time of 


lOllS from zero-crossing through the use of only 7 bytes on 
the memory. 
The on-<:hip timer provides a required time of 


delay and pulse width modulation of power is also possible. 


sE LF 
1. 
BRCLR O. PORT A. SELF 
1 
BsET 1. PORT A 
BCLR 1. PORT A 


Figure 24 
Example of Bit Manipulation 


-ADDRESSING 
MODES 


Ten 
different 
addressing 
modes 
are 
available 
to 
the 
HD63P05YO MCV. 


• Immediate 
See Fig. 25. 
The immediate 
addressing mode provides 


access to a constant which does not vary dUring execution of 
the program. 


This access requires an instruction 
length of 2 bytes. 
The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 


• Direct 
See Fig. 26. 
In the direct addressing mode, the address of 


the operand is contained 
in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. 192 byte RAM and I/O registers are on page 0 
of address space so that the direct addressing mode may be 
utilized. 


• Extended 
See Fig. 27. The extended addressing is used for referenc· 


ing to all addresses of memory. 
The EA is the contents 
of 
the 
2 bytes that 
follow the operation 
code. 
An extended 


addressing instruction requires a length of 3 bytes. 


• Relative 
See Fig. 28. 
The relative addressing mode is used with 


branch instructions only. 
When a branch occurs, the program 


counter is loaded with the contents of the byte following the 
operation code. 
EA = (PC) + 2 + ReI., where ReI. indicates a 


signed 8-bit data following the operation code. 
If no branch 


occurs, ReI. = O. When a branch occurs, the program jumps 
to any byte in the range + 129 to -127. 
A branch instruction 


requires a length of 2 bytes. 


• Indexed (No Offsat) 
See Fig. 29. 
The Indexed addressing mode allows access 


up to the lower 255th address of memory. 
In this mode, an 


instruction 
requires 
a length of one byte. 
The EA is the 


contents of the index register. 


• Indexed (S·bit Offset) 
See Fig. 30. 
The EA is the contents 
of the byte follow- 


ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 5llth 
address of 


memory. 
Each instruction when used in the index addressing 


mode (8-bit offset) requires a length of 2 bytes. 


• Indexed (16·bit Offset) 
See Fig. 31. 
The contents 
of the 2 bytes following the 


operation 
code are added to content 
of the index register 


to compute 
the value of EA. 
In this mode, the complete 


memory can be accessed. When used in the indexed address- 
ing mode (I6·bit offset), an instruction must be 3 bytes long. 


• Bit Set/Clear 
See Fig. 32. 
This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. The lower 3 bits of the operation code specify the bit to 
be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


• Bit Test and Branch 
See Fig. 33. This addressing mode is applied to the BRSET 


and BRCLR instructions 
that can test any bit within page 0 


and can be branched 
in the relative addressing mode. 
The 


byte to be tested is addressed depending on the contents of 
the byte following the operation code. 
Individual bits within 


the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 


long. The value of the test bit is written in the carry bit of the 
condition code register. 


-Implied 
See Fig. 34. 
This mode involves no EA. All information 


needed 
for execution 
of an instruction 
is contained 
in the 


operation 
code. 
Direct 
manipulation 
on the 
accumulator 


and index register is included in the implied addressing mode. 
Other instructions 
such as SWI and RTI are also used in this 


mode. 
All instructions 
used in the implied addressing mode 


should have a length of one byte. 
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I 
Memory 


~: 
: 


§ 
.. 


F8 


Index 
Reg 


I 
Stack 
POint 
I 
Prog Count 
oseo 


eeI 


~. 
. 


20 
Index 
e9 


Stack 
""0-'.-' --" 


Prog lount 


052F 
eeI 


Memory 


~ 


PROG 
lOA 
CAT 0409 
C6 


Q4QA 
06 


0408 
ES 


40 


Index 
Reg 
I 
Stack 
POint 
I 
Prog Count 


040C 
eeI 
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Memorv 


~ 


I 
Index 
Reg 


I 
Stack 
Point 
I 
Prog Count 
04C' 


CC 


Stack 
POInt 
I 
Prog Count 


05F5 


CC 
I 


TABL FeB 
If BF 
0089 
BF 


FeB 
"86 
008A 
86 
FCB *I DB 
Cl088 
DB 


FeB 
# CF 
008e 
CF 


. 
. 
. 
. 


~ 


CF 
Indu 
Reg 
03 


Stack 
POint 
I 
Prog Count 


0750 


CC 
I 
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~. 
. 


TABl 
Fee 
II BF 
077E 
SF 
Fee 
M86 
077F 
86 
Fee. 
DB 
0780 
DB 
Fee 
lieF 
0781 
CF 


Index 
eg 


02 
Stack 
Oint 
I 


Prog 
Count 
0695 


CC 
I 


PROG LOA TABl X 0692 
06 
0693 
07 
0694 
7E 


A 
I 
Index 
Reg 


I 


Stack 
POint 
I 


Prog Count 
0591 


CCI 


~. 
, 


PROG 
BReLR 
2 PORT 
C PROG 
2 0574 
0575 
0576 


A 
I 
Index 
Reg 
I 


Stack 
POInt 


Prog ~ount 


0594 


CC 


~ 
: 
. 


$HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


I 


Memory ili 


I 
I 
:: 


i 


~ 
..~ '""..~ 


~, 
, 
, 
, 
, 
, 
, 
, 


E5 
Indelt 
eg 


E5 
Stack 
Oint 
I 
Prog Count 
0588 


CCI 


-INSTRUCTION 
SET 
There are 62 basic instructions 
available to the HD63P05YO 


MCV. They can be classified into five categories: register/ 
memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 


control. 
The details of each instruction 
are described 
in 


Tables 5 through II. 


• Register/Memory Instructions 


Most of these instructions use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
MCV. There is no register operand in the unconditional jump 
instruction 
(JMP) and the subroutine jump instruction 
(JSR). 
See Table 5. 


• Reed/ModifylWrite Instructions 


These instructions 
read a memory or register, then modify 
or test its contents, 
and write the modified value into the 


memory 
or register. 
Zero test instruction 
(TST) does not 


write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


• Branch Instructions 
A branch instruction branches from the program sequence 


in progress if a particular condition is established. 
See Table 7. 


• Bit Manipulation Instructions 
These instructions 
can be used with any bit located up to 


the lower 255th address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control Instructions 
The control instructions control the operation of the MCV 


which is executing a program. See Table 9. 


• List of Instructions in Alphabetical Order 


Table 10 lists all the instructions used on the MCV in the 
alphabetical order. 


• Operation Code Mep 
Table 11 shows the operation code map for the instructions 


used on the MCV. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Boolean/ 
Condition 


Operattan. 
Mnemonic 
Arithmetic 
Cod. 


Immediate 
Direct 
Extended 
(No Offset) 
18-811Offset) 116·81tOftsetl 
Operation 


OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
OP • - 
H 
I 
N 
Z 
C 


Load 
A 
from 
Memory 
LOA 
A6 
2 
2 
B6 
2 
3 
C6 
3 
4 
F6 , 
3 
E6 
2 
4 
06 
3 
5 
M-A 
• · 


A 
A • 


Load 
X from 
Memory 
LOX 
AE 
2 
2 
BE 
2 
3 
CE 
3 
4 
FE , 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
· • 
A 
A • 


Store 
A In Memory 
STA 
B7 
2 
3 
C7 
3 
4 
F7 , 
4 
E7 
2 
4 
07 
3 
5 
A-M 
· • 
A 
A • 


Store 
X In Memory 
STX 
BF 
2 
3 
CF 
3 
4 
FF 
1 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
· • 
A 
A • 
Add 
Memory 
to A 
ADD 
AB 
2 
2 
BB 
2 
3 
CB 
3 
4 
FB 
1 
3 
EB 
2 
4 
DB 
3 
5 
A+M-·A 
A · 


A 
A 
A 


Add 
Memory 
and Carry 


IDA 
AOC 
A9 
2 
2 
B9 
2 
3 
C9 
3 
4 
F9 , 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
A · 


A 
A , 


Subtract 
Memory 
SUB 
AD 
2 
2 
BO 
2 
3 
CO 
3 
4 
FO , 
3 
EO 
2 
4 
DO 
3 
5 
A 
M-A 
·· 


A 
A 
A 


Subtract 
Memory 
from 


A with 
Borrow 
SBC 
A2 
2 
2 
B2 
2 
3 
C2 
3 
4 
F2 
1 
3 
E2 
2 
4 
02 
3 
5 
A-M-C 
-A 
·· 


A 
A 
A 


AND 
Memory 
to A 
AND 
A4 
2 
2 
B4 
2 
3 
C4 
3 
4 
F4 
1 
3 
E4 
Z 
4 
04 
3 
5 
A· 
M-A 
·· 


A 
A • 
2 
2 
BA 
2 
CA 
3 
4 
FA , 
3 
EA 
2 
4 
OA 
3 
-- 


OR Memory 
With A 
ORA 
AA 
3 
5 
A+M-A 
· • 


A 
A · 
ExclUSive OR Memory 


With A 
EOR 
AB 
2 
2 
B8 
2 
3 
CB 
3 
4 
FB 
1 
3 
E8 
2 
4 
08 
3 
5 
A<$M-A 
• • 


A 
A · 
Anthmetlc 
Compare 
A 


WIth Memory 
CMP 
A' 
2 
2 
B' 
2 
3 
C, 
3 
4 
F' , 
·3 
E' 
2 
4 
0' 
3 
5 
A-M 
• • 


A 
A 
A 


Anthmetlc 
Compare 
X 


WIth Memory 
CPX 
A3 
2 
2 
B3 
2 
3 
C3 
3 
4 
F3 , 
3 
E3 
2 
4 
03 
3 
5 
X-M 
·· 


A 
A , 


Bit Test Memory 
With 


A (logical 
Comparel 
BIT 
AS 
2 
2 
B5 
2 
3 
C5 
3 
4 
F5 
1 
3 
E5 
2 
4 
05 
3 
5 
A-M 
·· 


A 
A • 
Jump 
Unconditional 
JMP 
BC 
2 
2 
CC 
3 
3 
FC 
1 
2 
EC 
2 
3 
DC 
3 
4 
··.. • 


Jump 
to 
Subroutine 
JSR 
BO 
2 
5 
CD 
3 
6 
FD 
1 
5 
ED 
2 
5 
DO 
3 
6 
··.• • 


Symbols; 
Op" 
Operation 


.• 
• Number 
of bytes 


- 
.• Number 
of cycles 


Addressing 
Modes 


IndelCed 
IndelCed 
Condition 


Operattan. 
Mnemonic 
Boolean/Arithmetic 
Operation 
Cod. 
ImplledlA) 
ImpltedlX) 
Direct 
(No Offset) 
18·811Offset) 


OP • 
OP • 
- 
OP • 
OP • 
- 
OP • 
- 
H 
I 
N 
Z 
C 


Increment 
INC 
4C 
1 
2 
5C , 
2 
3C 
2 
5 
7C , 
5 
6C 
2 
6 
A+l 
__A or X+l 
....•X or M+l_M 
• • 


A 
A • 
Decrement 
OEC 
4A 
1 
2 
SA , 
2 
3A 
2 
5 
7A , 
5 
6A 
2 
6 
A - 1 __A or X -1 
-X 
or M - 
1 -M 
• • 


A 
A • 
Clear 
CLR 
4F , 
2 
SF , 
2 
3F 
2 
5 
7F , 
5 
6F 
2 
6 
OO-A 
or OO-x 
Of OO....•M 
· • 
0 , • 
Compfement 
COM 
43 , 
2 
53 , 
2 
33 
2 
5 
73 
1 
5 
63 
2 
6 
A-A 
or x-x 
or M-M 
• • 


A 
A 
1 


Negate 
OO-A 
__A or OO-X-X 


(2', 
Complement) 
NEG 
40 , 
2 
50 , 
2 
3D 
2 
5 
70 
1 
5 
60 
2 
6 
or OO-M-M 
• • , 
A 
A 


Rotate 
Left 
Thru 
Carry 
ROL 
49 , 
2 
59 , 
2 
39 
2 
5 
79 , 
5 
69 
2 
6 Lfub' 


iOfjOfU 
"jJ • • 


A , 
I I I 
II I 


Rotete 
Rtght 
Thru 
Carry 
ROR 
46 , 
2 
56 , 
2 
36 
2 
5 
76 , 
5 
66 
2 
6 LEHb. H+:..I ..~• • 


A 


C 
I 
I 


Logical 
Shift 
Left 
c b. 
.. 


LSL 
4B , 
2 
58 , 
2 
3B 
2 
5 
7B , 
5 
6B 
2 
6 CH I ~~:xHI I 1-0 · • 


A 
A 


44 , 
2 
54 
1 
2 
34 
2 
5 
74 , 
5 
64 
2 
,. 
.. 
c 
Logie.1 
Shm 
Rtght 
LSR 
6 
0-1 
1 I·H~:••I 1 ro • · 
0 
A , 


Arithmetic 
Shift 
Righi 
ASR 
cr" 
.. 
C 


A 
47 , 
2 
57 
1 
2 
37 
2 
5 
77 
1 
5 
67 
2 
6 
H·H•.I I f..O 
• · 


A 
A 
I 


Arithmetic 
Shift 
Left 
ASL 
48 
1 
2 
58 
1 
2 
3B 
2 
5 
7B , 
5 
6B 
2 
6 
Equal to lSl 
· • 


A 
A 
A 


Test 
fOf 
Neget ••.••• 


Of 
Zero 
TST 
40 
1 
2 
50 , 
2 
3D 
2 
4 
70 
1 
4 
80 
2 
5 
A-OO 
or X-OO 
or 
M-OO 
·· 


A 
A • 


Symbols: 
Op· 
Operation 


#I 
.• Number 
of bytes 


- 
- 
Number 
of cycles 
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Addressing 
Modes 


Condition 
Code 
Operations 
Mnemonic 
Relative 
Branch Test 


OP 
it 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 
Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 
Branch 
IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 


Branch 
IF Lower 
or Same 
BLS 
23 
2 
3 
C+Z=l 
• • • • • 


Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 
(Branch 
IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 


Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=l 
• • • • • 
(Branch 
IF L~wer) 
(BLO) 
25 
2 
3 
C=l 
• • • • • 


Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 
Branch 
IF Equal 
BEQ 
27 
2 
3 
Z=l 
• • • • • 


Branch IF Half Carry Clear 
BHCC 
28 
2 
3 
H=O 
• • • • • 


Branch 
IF Half 
Carry 
Set 
BHCS 
29 
2 
3 
H=l 
• • • • • 
Branch 
IF Plus 
BPL 
2A 
2 
3 
N=O 
• • • • • 
Branch 
IF Minus 
BMI 
2B 
2 
3 
N=l 
• • • • • 


Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 
Branch 
IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 
Branch 
IF Interrupt 
Line 


is Low 
BIL 
2E 
2 
3 
INT=O 
• • • • • 
Branch 
IF Interrupt 
Line 


is High 
BIH 
2F 
2 
3 
INT=l 
• • • • • 


Branch 
to 
Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: Op :::Operation 


# 
z Number 
of bytes 


- 
:: Number 
of cycles 


Addressing 
Modes 
Boolean/ 
Condition 
Code 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Testand Branch Arithmetic 
Branch 


Test 


OP 
II - 
OP 
II - 
Operation 
H 
I 
N 
Z 
C 


Branch 
IF Bit n is set 
BRSET n(n-O· 
·7) 
- 
- 
- 
2·n 
3 
5 
- 
Mn=l 
• • • • 


('. 


Branch 
IF Bit n is clear 
BRCLR n(n-O··· 
7) 
- 
- 
- 
01 +2·n 
3 
5 
- 
Mn=O 
• • • • " 
Set Bit n 
BSET n(n=0···7) 
10+2·n 
2 
5 
- 
- - 
1-Mn 
- 
• • • • • 
Clear B,t n 
BCLR n(n-O···7) 
11 +2·n 
2 
5 
- - 
O-Mn 
- 
• • • • • 
Symbols: 
Op = Operation 
It 
:z Number 
of bytes 


- 
""Number of cycles 
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Addressing Modes 


Condition Code 
Operations 
Mnemonic 
Implied 
Boolean Operation 


OP 
II 
- 
H 
I 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A-X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X-A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
l-C 
• • • • 
1 
Clear Carry Bit 
CLC 
9B 
1 
1 
o-c 
• • • • 
0 
Set Interrupt Mask Bit 
SEI 
9B 
1 
2 
1-1 
• 
1 • • • 
Clear Interrupt Mask Bit 
CLI 
9A 
1 
2 
0-1 
• 
0 • • • 
Software Interrupt 
SWI 
B3 
1 
10 
• 
1 • • • 
Return 
from 
Subroutine 
RTS 
Bl 
1 
5 
• • • • • 
Return from Interrupt 
RTI 
BO 
1 
8 
? 
? 
? 
? 
? 


Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF-SP 
• • • • • 
No-Operation 
NOP 
90 
1 
1 
Advance Prog. Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
80 
1 
2 
Con •••.erts binary add of BCD charcters 
Into 
• • 
1\ 
1\ 
1\" 
BCD format 
Stop 
STOP 
8E 
1 
4 
• • • • • 
Wait 
WAIT 
8F 
1 
4 
• • • • • 


Symbols: Op"" Operation 
* ...Number of bytes 
- 
'" Number of cycles 


Addressing Modes 
Condition 
Code 


Bll 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set! 
Test& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offsetl 
(8·Bit) 
(l6·Bitl 
Clear 
Branch 
H 
I 
N 
Z 
C 
ADC 
X 
x 
X 
x 
x 
X 
A • 
A 
A 
A 


ADD 
x 
x 
x 
x 
x 
X 
A • 
A 
A 
A 


AND 
x 
x 
x 
x 
x 
x 
• • 
A 
A • 
ASl 
x 
x 
x 
x 
• • 
A 
A 
A 


ASR 
x 
x 
x 
x 
• • 
A 
A 
A 


BCC 
x 
• • • • • 
BClR 
x 
• • • • • 
BCS 
x 
• • • • • 
BEQ 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
(BHSI 
x 
• • • • • 
BIH 
x 
• • • • • 
Bll 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • 
A 
A • 
(BlO) 
x 
• • • • • 
BlS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPl 
x 
• • • • • 
BRA 
x 
• • • • • 


Condition 
Code 
SymbOls: 


H 
Half Carry (FromBit 3) 
I 
Interrupt Mask 


N 
NegativeISign Bit) 


Z 
Zero 


Carry Borrow 
Test and Set ,f True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set( 
Test 
& 


Implieq 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset 1 
IB-Bit) 
116-Bitl 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 
BRCLR 
x 
• • • • 
1\ 


BRSH 
X 
• • • • 
1\ 


BSET 
X 
• • • • • 
BSR 
X 
• • • • • 
CLC 
X 
• • • • 
0 


CLI 
X 
• 
0 • • • 
CLR 
x 
X 
X 
X 
• • 
0 
1 • 
CMP 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


COM 
X 
X 
X 
X 
• • 
1\ 
1\ 
1 


CPX 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ 
1\ 


oAA 
X 
• • 
1\ 
1\ 
1\ 


oEC 
X 
X 
X 
X 
• • 
1\ 
1\ • 
EOR 
X 
X 
X 
X 
X 
X 
• • 
1\ 
1\ • 
INC 
X 
X 
X 
X 
• • 
,\ 
1\ • 
JMP 
X 
x 
x 
x 
x 
• • • • • 
JSR 
x 
x 
x 
X 
X 
• • • • • 
LOA 
X 
x 
x 
x 
x 
x 
• • 
f, 
1\ • 
LOX 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
LSL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


LSR 
x 
x 
x 
x 
• • 
0 
1\ 
1\ 


NEG 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


NOP 
x 
• • • • • 
ORA 
x 
x 
x 
x 
x 
x 
• • 


1\ 
1\ • 
ROL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ROR 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


RSP 
x 
• • • • • 
RTI 
x 
? 
? 
? 
? 
? 


RTS 
X 
• • • • • 
SBC 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SEC 
x 
• • • • 
1 


SEI 
x 
• 
1 • • • 
STA 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
STOP 
x 
• • • • • 
STX 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 
SUB 
x 
x 
x 
x 
x 
X 
• • 
1\ 
I 
1\ 


SWI 
x 
• 
1 • • • 
TAX 
x 
• • • • • 
TST 
x 
x 
x 
x 
• • 
1\ 
1\ • 
TXA 
x 
• • • • • 
WAIT 
x 
• • • • • 


Condition 
Code Symbols: 
H 
Half 
Carry 
(From 
Bit 3) 


I 
Interrupt 
Mask 


N 
Negative 
IS'gn 
Bitl 
Z 
Zero 


Carry 
Borrow 


Test and Set if True. 
Cleared 
Otherwise 
Not 
Affected 


Load 
CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/Modify 
IWrite 
Control 
Register 
/Memory 


Test 
& 
Setl 


Branch 
Clear 
Rei 
DIR 
A 
X 
,Xl 
,XO 
IMP 
IMP 
IMM 
DIR 
EXT 
,X2 
,Xl 
,XO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
g 
A 
B 
C 
D 
E 
F 
~ 


0 
BRSETO 
BSETO 
BRA 
NEG 
RTI' 
SUB 
0 


1 
BRClRO 
BClRO 
BRN 
RTS' 
CMP 
1 


2 
BRSETl 
BSETl 
BHI 
SBC 
2 


3 
BRClRl 
BClRl 
BlS 
COM 
SWI' 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
lSR 
AND 
4 


5 
BRClR2 
BClR2 
BCS 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
lDA 
6 


7 
BRClR3 
BClR3 
BEQ 
ASR 
TAX' 
STA 
ISTAf+l) 
7 
8 
BRSET4 
BSET4 
BHCC 
lSl/ASl 
ClC 
EOR 
8 
9 
BRClR4 
BClR4 
BHCS 
ROl 
SEC 
ADC 
9 


A 
BRSET5 
BSET5 
BPl 
DEC 
ClI' 
ORA 
A 


B 
BRClR5 
BClR5 
BMI 
SEI' 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
RSP' 
JMP(-l) 
C 


D 
BRClR6 
BClR6 
BMS 
TSTI-1I 
TST 
I TST(-l) 
DAA' 
NOP 
BSW 
JSR(+2) 
JSR( + 1) 
IJSR(+21 
D 


E 
BRSET7 
BSET7 
Bil 
STOP' 
- 
lDX 
E 


F 
BRClR7 
BClR7 
BIH 
ClR 
WAIT' TXA' 
STX 
ISTXI+11 
F 


3/5 
2/5 
2/3 
2/5 
1/2 
1/2 
2/6 I 1/5 
11' 
1/1 
2/2 
2/3 
3/4 
3/5 
2/4 I 1/3 


(NOTES) 
1. 
"-" 
is an undefined 
operation 
code. 
2. 
The lowermost 
numbers in each column 
represent a byte count and the number of cycles required 
(bvte count/number 
of cycles). 


The number of cycles for the mnemonics asterisked (.) 
is as follows: 


RTI 
8 
TAX 
2 
RTS 
5 
RSP 
2 


SWI 
10 
TXA 
2 
DAA 
2 
8SR 
5 
STOP 
4 
ell 
2 
WAIT 
4 
SEt 
2 


3. 
The parenthesized 
numbers 
must 
be added 
to the cycle 
count 
of the particular 
instruction. 


• 
Addition.' Instructions 
The 
following 
new instructions 
are used on the HD63POSYO: 
DAA 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code. 


WAIT 
Causes 
the 
MeV 
to enter 
the wait mode. 
For this mode, 


see the topic, 
Wait Mode. 


STOP 
Causes 
the 
MCV to enter 
the stop 
mode. 
For this mode, 


see the topic, 
Stop 
Mode. 
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HD63P05Y1 ,HD63PA05Y1 ,-- 
HD63PB05Y1 
CMOS MCU (Microcomputer 
Unit) 
-PRELIMINARY- 
The 
HD63POSYI 
is a CMOS 8-bit 
single-chip 
microcom- 
puter 
unit 
which 
has a 4k-byte 
or 
8k-byte 
EPROM 
on the 
package. It is compatible 
with 
the HD630SYI 
except for ROM 
which 
is not included 
in the HD63POSY I. It can be used not 


only 
for 
debugging 
and evaluating 
the 
internal 
program 
of 
HD630SXI 
or HD630SYl, 
but also for small·sized production 


preceding mask ROM. 


• 
FEATURES 


• 
Pin compatible 
with HD6305X1 
and HD6305Y1 
• 
256-byte of RAM 


• 
A total of 31 terminals, including 24 1I0's, 7 inputs 


• 
Two timers 
- 
8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 
- 
15-bit timer (commonly 
used with the SCI clock divider) 
• 
On-ehip serial interface circuit 
(synchronized with clock) 
• 
Six interrupts 
(two 
external, 
two timer, 
one serial and one 


software) 


• 
Low 
power 
dissipation 
modes - 
Wait, 
Stop 
and Standby 


Mode 


• 
Minimum 
instruction 
cycle time 


HD63P05Y1 
1 /.Is(f 
3 1 MHz) 


HD63PA05Y1 
0.67 /.IS(f = 1.5 MHz) 


HD63P805Y1 
0.5 /.IS(f = 2 MHz) 
• 
Similar to HD6800 instruction 
set 
• 
Bit manipulation 


• 
Bit test and branch 


• 
Versatile interrupt 
handling 
• 
Full set of conditional 
branches 
• 
New instructions 
- STOP, WAIT, DAA 
• 
Applicable to 4k or 8k bytes of EPROM 
4k bytes; HN4B2732A 
8k bytes; HN482764, 
HN27C64 


Type No. 
Bus Timing 
Applied 
EPROM 


HD63P05Y1 
1 MHz 
HN482732A·30, 
HN482764-3 
HN27C64·30 


HD63PA05Y1 
1.5 MHz 
HN482732A-30, 
HN482764-3, 
HN27C64.30 


HD63PB05Y1 
2 MHz 
HN4B2732A-25, 
HN482764, 
HN27C64-25 


HD63P05Y 1, HD63PA05Y 1, 
HD63PB05Y1 


Vss , 0 
DATAo 


An 
DATA, 


TI'lT 
3 
DATAl 


SfBY • 
1 DATAl 


XTAL 
S 
DATA~ 


EXTAL 
• 
CATAs 


NUM~ 
DATAs 


TIMER ~ 
o Vec 
VecO 
DATA7 


A,~ 
E 


A,I 
OAll 
VecO 
R/W 


As '1 
OA, 
VecO 
ADAIJ 


A.l 
OA, 
A, 
C 
ADR12 


A" 
ADR'1 


A" 
OAs 
A.O 
1 ADR,o 


A" 
OA. 
A,IO 
ADAg 


A.' 
ADAe 


B, 
1 
oA, 
VssO 
ADA, 


B,I 
OA, 
AloO 
ADR6 


B" 
eto 
ADRs 


B. 


OA, 
ADR. 


Bl 
21 
OA. 
0, 0 
ADA3 


B, 
2 
00. 
0,0 
ADA, 


B, 
ADR, 


B. 
00, 
0,0 
1 ACRo 


C,fTx 
00, 
O. 0 
0, 


Cs/Rx 
2 
QVss 


D6/INT2 


Cs/U , 
0, 0 
38 Os 


C. 
, D. 


C, 
0, 


C, 
0, 


Cl~l 
0, 


c. 
Vcc 
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Port A 
110 
Terminals 


Port B 
110 
Terminals 


Port C 
110 
Terminals 


On Package 
r----------, 


I 


Aol 
A,I 
A'I 
A, 
A,' 
As'"'I 
A'I::' 
AIOl 
Alii 
AUI 
CEI, 
I 


1 
00, 
0,1 
0" 
0" 
0.1 
0,1 
0.1 
0,1, 
_________ 
...J 


[ 


HN482732Aj 
HN482764 
HN27C64 


Ad~ess, 


Output 


Index 
Register 
x 


Condition 
Code 
Register 
cc 


Stack 
Pointer 
Sp 


Program 
Counter 
"High" 
PCH 


Program 
Counter 
"Low" 
pel 
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D, 
OtliNT;" 
g; 
Port 0 


OJ 
Input 
01 
Terminals 
D, 


DATA, 
OAT •••• 


DATA. 
OAT-'4 
DATA, 
DATAl 
DATA, 
DATAo 


Item 
Symbol 
Value 
Unit 


Supply Yoltage 
Vcc 
-0.3- 
+7.0 
V 


Input Yoltage 
Vin 
-0.3 - 
Vcc 
+ 0.3 
V 


Operating temperature 
Top, 
0- 
+70 
°c 
- 
Storage temperature 
Tstg 
-55 - 
+150 
°c 


[NOTE] 
These 
products 
have I protection 
circuit 
in their 
input 
terminals 
against 
high electrostatic 
voltage 
or high electric 
fields. 
Notwithstanding, 


be ar.ful 
not to apply any voltage high.r than the absolute 
maximum 
rating to these high input impedance circuits. 
To assure normal 
operettan. 
we recommended 
Vln. Vout; 
Vss ~ (Vi" 
or Vout) 
~ VCC 


• ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics (Vcc = 5.0V ± 10%. Vss = GND. Ta = 0 - 
HOoC. unless otherwise specified.l 


Item 
Symbol 
Test 
min 
typ 
Unit 
Condition 
max 


Iml.STBY 
VCC- 0.5 
- 
Vcc+ 
0.3 
V 


Input 
Yoltage 
EXTAl 
VIH 
Vcc 
x 0.7 
- 
VCC+ 0.3 
V 
"High" 


2.0 
Vcc+ 
0.3 
V 
Others 
- 


Input yolt- 
All Input 
Vil 
-0.3 
- 
0.8 
V 
age "low" 


Operating 
- 
5 
10 
mA 


Current .*. 
Wait 
- 
2 
/ 
5 
mA 
Icc 
f = lMHz' 
dissipation 
Stop 
- 
2 
10 
JJA 


Standby 
- 
2 
10 
JJA 


Input 
TIMER. 


leakage 
TNT. 
Illll 
- 
- 
1 
JJA 
current 
~D,. 


Ao-A,. 


Vin = 0.5- 
80 - 
8,. 


Three- 
Co -C7• 
Vcc' - 0.5V 
ADRo 
state 
- 
ADRl3, .. 
IITstl 
- 
- 
1 
IJA 
current 
DATAo 


- 
DATA" 
E··, R/W-· 


Input 
All 


ein 
f = lMHz, 
- 
- 
15 
pF 
capacity 
terminals 
Vin = OV 


• 
The value at f'" xMHz can be calculated by the following equation: 
Ice 
(f:: xMHz) '" Ice 
(f:: 1MHz) multiplied 
by x 
•• At standby 
mode 
••• 
All output and RES terminals are open (VIH min ;;;VCC-1.OV, VIL max = O.8Vl, and lee of EPROM is not included. 


~HITACHI 


Hitachi America Ltd.• 
2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


Test 
HD63P05Yl 
HD63PA05Yl 
HD63PB05Yl 


Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcye 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
!J.s 


Enable Rise Time 
tEr 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 


Enable Fall Time 
tEl 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ns 


Enable Pulse Width 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
("High" 
Level) 


Enable Pulse Width 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 
("Low" 
Level) 
Fig. 1 


Address Delay Time 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
180 
ns 


Address Hold Time 
tAH 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 


Data Delay Time 
tow 
- 
- 
250 
- 
- 
160 
- 
- 
120 
ns 


Data Hold Time 
(Write) 
tHW 
40 
- 
- 
30 
- 
- 
20 
- 
- 
ns 


Data Set-up Time (Read) 
tOSA 
80 
- 
- 
60 
- 
- 
50 
- 
- 
ns 


Data Hold Time 
(Read) 
tHA 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 


Item 
Symbol 
Test 
typ 
Unit 
Condition 
min 
max 


Output 
volt- 
IOH = -200!J.A 
2.4 
- 
- 
V 


VOH 
age "High" 
Ports A, 
IOH = -10!J.A 
Vcc 
- 0.7 
- 
- 
V 
B,C 


Output 
volt- 


VOL 
IOL = 1.6mA 
0.55 
V 
age "Low" 
- 
- 


Input volt- 
VIH 
2.0 
- 
Vcc 
+ 0.3 
V 
age "High" 


Input 
volt- 
Ports A, 


VIL 
age "Low" 
B,C, 
D 
- 0.3 
- 
0.8 
V 


Input 
leak- 
IIILI 
Vin = 0.5- 
- 
- 
1 
!J.A 
age current 
Vcc 
- 0.5V 


Item 
Symbol 
Test 
HD63P05Yl 
HD63PA05Yl 
HD63PB05Yl 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 
Port Data Set-up Time 
tpos 
200 
- 
- 
200 
200 
(Port A, B, c. D) 
- 
- 
- 
- 
ns 


Port Data Hold Time 
Fig.2 


(Port A. B, C, Dj 
tpOH 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 


Port Data Delay Ti me 
tpow 
Fig.3 
- 
- 
300 
300 
300 
(Port A. B. C) 
- 
- 
- 
- 
ns 
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Item 
Symbol 
Test 
HD63P05Yl 
HD63PA05Yl 
HD63PB05Yl 


Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


iN'rPulse 
Width 
t'WL 
tcyc 
- 
- 
tcyc 
- 
- 
tcyc 
- 
- 
ns 
+250 
+200 
+200 


INT2 Pulse Width 
t'WL2 
teyc 
- 
- 
teye 
- 
- 
tcyc 
- 
- 
ns 
+250 
+200 
+200 


RES Pulse Width 
tRWL 
5 
- 
- 
5 
- 
- 
5 
- 
- 
tCyc 
Control Set·up Time 
tcs 
Fig.5 
250 
- 
- 
250 
- 
- 
250 
- 
- 
ns 


Timer Pulse Width 
tTWL 
tcyc 
- 
- 
teye 
- 
- 
teye 
- 
- 
ns 
+250 
+200 
+200 
Oscillation Start Time (Crystal) 
tosc 
Fig.5,Fig.20· 
- 
- 
20 
- 
- 
20 
- 
- 
20 
ms 


Reset Delay Time 
tRHL 
Fig. 19 
BO 
- 
- 
80 
- 
- 
80 
- 
- 
ms 


Test 
HD63P05Yl 
HD63PA05Yl 
HD63PB05Yl 
Item 
Symbol 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Clock cycle 
tScye 
1 
- 
32768 
0.67 
- 
21845 
0.5 
- 
16384 
jlS 


Data output delay time 
tTXD 
Fig. 6, 
- 
- 
250 
- 
- 
250 
- 
- 
250 
ns 


Data set·up time 
tSRX 
Fig.7 
200 
- 
200 
- 
- 
200 
- 
- 
ns 


Data hold time 
tHRX 
100 
- 
- 
100 
- 
- 
100 
- 
- 
ns 
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Ao-A13 
R/W 


MCU Write 
DATAo 
- 
DATA7 


2.4V 


O.6V 


Port 
A.B.C.D 


Figure 
2 
Port 
Data Set-up 
and Hold Times 
(MCU 
Read) 


t=' 
/ 


tpow 


2.4V 
Data 
O.6V 
Valid 


Port 
A.B.C 
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==:=-tn 


5'5~V 
, 
4.5V 


tose 
, 


Vcc-O.5V 


~'L.Jvc:~SC05V 
'"\.-,-,-- 


Address 
~~ 


Bus 
~~'FFF 


RiW 
wa"/lllllllll 
'J-.---'I/lllllllll 


Data 
Bus 
"~'l----------1I>-----<.---wI/l//;J1I&-- 


tscyc 


Clock 
Output 
2.4V 


Cs/CK 
O.6V 
O.6V 


trxD 


Data 
Output 
2.4V 


C7/TX 
O.6V 


tSAX 


tHAX 


Data 
Input 
2.0V 


C6/RX 
O.BV 


2.0V 


OBV 


Clock 
Input 


Cs/CK 


Data 
Output 


C7/TX 


2.4V 


O.6V 


Data 
Input 


C6/RX 


2.0V 


O.BV 


2.0V 


O.BV 
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TTL 
Load 


(Port) 
Tnt point 
terminll 


{NOTES] 
1. The load capacitance includes stray capacitance caused 


by the probe, etc. 


2. 
All diodes are 152074 ® 


-DESCRIPTION 
ON PIN FUNCTIONS 


Here is the description 
of HD63P05YI 
MCU input and 


output signals. 


eVcc, Vss 
Power is supplied to the MCU using these two pins. When 


the operating voltage of the EPROM is 5.0V ± 5%, change Vcc 
according to that of EPROM. 


elNT,INT1 


Used for requesting an external interrupt to the MCU. For 


details, see "INTERRUPT". 
The INT. is used as the port D. 


pin. 


eXTAL. EXTAL 
Are input 
pins to the 
internal clock circuit. 
A crystal 


oscillator (AT cut, 2.0 to 8.0 MHz)or ceramic oscillator is con· 
nected 
to these pins. For instance, in order to obtain 
the 


system clock I MHz, a 4 MHz resonant fundamental crystal is 
useful because the divide·by-4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (± I0%) to drive, 
then 
the internal 
clock is a quarter 
the frequency 
of the 


external clock. External drive frequency will be 4 or less times 
the maximum internal clock. For external driving, no XTAL 
should be connected. 
Refer to "INTERNAL 
OSCILLATOR" 
for using these input pins. 


eTiMER 
Is an external input pin to control the internal Timer. For 


details, see "TIMER". 


eRES 


Is used for resetting MCU. For details, see "RESET". 


eNUM 


Is not for user application. 
It must be connected to Vcc 


through Ikn resistance. 


elnput/Output 
Pins (Ao - A7, Bo - B7, Co - C7) 


24 pins consist of three 8·bit I/O ports (A, B, C). Each of 


them is used as input or output pin, through program control 


elnput 
Pins (01 - D?) 
Are 7 inpu~ 
pins compatible with the TTL and CMOS. 


D. is used as INT•. When the D. is used as the port, set the 
INT. 
interrupt 
mask bit of the miscellaneous register to "I" 


to prevent an INT. from accidental interruption. 


e Enable (E) 
Supplies E clock. Output is a single-phase, TTL compatible 


and 
1/4 crystal oscillation 
frequency 
or 1/4 external clock 
frequency. It can drive one TTL load and a 90pF condenser. 


e ReadlWrite (RIW) 
Is an output 
pin compatible 
with the TTL. This indicates 


to peripheral and memory devices whether MCU is in Read 
("High"), 
or in Write ("Low"). 
The normal standby state is 


Read ("High"). 
Its output 
can drive one TTL load and a 
90pF condenser. 


eData Bus (DATAo - DATA?) 
Are three-state 
buffers compatible 
with the TTL. Each of 
them can drive one TTL load and 90pF. 


e Address Bus (ADRo - ADR13) 


Are compatible with the TTL and can drive one TTL load 
and 90pF. 


eSTBY 
Used for bringing the MCU into the standby mode. With 


STBY at "Low" level, the oscillation stops and internal situa- 
tion is reset. For details, see "STANDBY MODE". The follow- 
ing are I/O pins for serial communication 
interface (SCI), and 
used 
as ports 
C" 
C., 
and C7. For details, see "SERIAL 
COMMUNICATION INTERFACE". 


eCK (C,) 
Used to input or output clocks when receiving or transmit- 


ting serial data. 


eRx (C.) 


Used to receive serial data. 


eTx 
(C7) 
Used to transmit serial data. 


-MEMORY MAP 
The memory map of the HD63P05YI 
MCU is shown in 


Fig. 9. During interrupt, the contents of the registers are saved 
in the stack as shown in Fig. 10. The saving begins with the 
lower byte (PCL) of the program counter. 
Then the stack 


pointer 
value is decremented, 
and the 
higher byte (pCH) 
of the program counter, 
index register (X), accumulator 
(A) 
and condition 
code register (CC) are stacked in this order. 


In subroutine calls, only the contents of the program counter 
(PCH and PCL) are stacked. 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


H D63P05Y 
1,H D63PA05Y 
1, H 0 63PB05Y 
1 


0 
$0000 
0 
PORT A 
$00 
I/O Ports 
1 
PORT B 
$01 
Timer 
2 
PORT C 
$02 
SCI 
3 
PORT D 
$03" 
63 
$003F 
64 
RAM 
$0040 
4 
PORT 
A OOR 
$04' 


(192Bytes) 
5 
PORT 
8 DDR 
$05' 


Stack 
6 
PORT 
C DDR 
$06' 


255 
$gOFF 
Not Used 


256 
RAM 
$ 
100 
8 
rImer 
Data 
Reg 
SOB 
\ 
9 
TImer 
CTRl 
Reg $09 
(64Bytes) 
10 
ISC 
eg 
$OA 
319 
$013F 


320 
$0140 


EPROM 
Not Used 


(7.872Bytes) 


--------- 


SCI CTAl Reg 
$10 
8182 
Interrupt 
SCI 
STS 
Reg 
$11 
8191 
V 
t 
SCI 
Data 
Reg 
$12 
8192 


Not Used 
$1F 


External 
$20 


Memory Space 


16383 
$3FFF 
• Write only 
register 
•• 
Read only register 


Figure g 
Memory Map of HD63P05Y1 MCU 


1 
1 1I 
Condition 
Code Register 


Accumulator 


Index Register 


0 01 
PCW 


PCL' 


-REGISTERS 
There are five registe rs which the programmers can handle. 


eAccumulator 
(A) 
The accumulator 
is a general purpose 8-bit register which 
holds operands, 
the results of arithmetic 
operations 
or data 
processing. 


elndex 
Register (Xl 
The index register is an 8-bit register used for the index 


addressing mode. It contains an 8-bit value to be added to an 
instruction 
value to create 
an effective 
address. The index 


register can also be used for data manipulations using the read- 
modify-write instruction. 
The index register may also be used 


as a temporary storage area. 


oIAccumulator 
o 
I 
index 
RegIster 
13 
0 
I 
PC 
I~rogram 
. 
.Counter 
13 
6 5 
0 
~1~---s-p---"'IStack 
~ 
Poonter 


Condition 
Code 
Register 


~ggXw 
Zero 


Negative 
Interrupt 
Mask 
Half 
Carry 


The program counter is a 14-bit register which contains the 


address of the next instruction to be executed . 


e Stack Pointer (SPl 
The stack pointer 
is a 14-bit register which indicates the 


address of the next free location in the stack. Initially, the 
stack pointer 
is set to SooFF. It is decremented 
as data is 


pushed in, and incremented 
as it is pulled out. The upper 8 


bits of the stack pointer are fixed to 000000 II. 


During an MCU reset or when the reset stack pointer (RSP) 


instruction 
is executed, 
the 
pointer 
is set to the location 


SOOFF. A subroutine 
or interrupt 
may be nested down to 


location 
SOOC1 which allows programmers 
to use up to 31 


levels of subroutine call or 12 levels of interrupt response. 


eCondition 
Code Register (CCI 
The condition 
code register is a S-bit register. Each bit 


indicates 
the result of the executed 
instruction. 
These bits 


can be individually tested by conditional 
branch instructions. 


The CC bits are as follows. 


Half Carry (H): Used to indicate 
a carry occurring between 


bits 3 and 4 during an arithmetic 
operation 


(ADD, ADC). 
Interrupt (I): 
Selling 
this bit causes all interrupts 
to be 


masked except for software ones. If an inter· 
rupt occurs while the bit I is set, the interrupt 
is latched, 
and 
processed 
as soon 
as the 


interrupt 
mask bit (I) is reset. (Exactly, 
the 


interrupt 
enters the processing routine 
after 


the instruction next to the CLI is executed.) 


Negative (N): 
Used to indicate that the result of the latest 
arithmetic operation, logical operation or data 
processing is negative (Bit 7 is logical "I "). 


Zero (Z): 
Used to indicate that the result of the latest 
arithmetic operation, logical operation or data 
processing is zero. 


Carry /Borrow 
Shows a carry 
or borrow 
occurring 
in the 


(C): 
latest 
arithmetic 
operation. 
This bit is also 


affected by the Bit Test and Branch, Shift and 


~HITACHI 


Hitachi 
America 
Ltd. 
• 
2210 O'Toole 
Ave. 
• 
San Jose, 
CA 95131 
• 
(408) 435-8300 


-INTERRUPT 


There are six different types of interrupt: 
external inter- 


rupt (INT, INT,), 
internal timer interrupts (TIMER, TIMER 


2), serial interrupt (SCI) and interrupt by an instruction (SWI). 


Of these six interrupts, 
the INT, and TIMER, and SCI and 


TIMER 2 respectively generate the same vector address. When 
an interrupt 
occurs, the program in execution stops and CPU 


state at the interrupt 
is saved onto the stack. In addition, the 


interrupt 
causes the interrupt 
mask bit (I) in the condition 


code register to be set and obtains the start address of the 
interrupt 
routine 
from an assigned interrupt 
vector address 


before the interrupt 
routine starts from the state address. The 


system exits from the interrupt 
routine by RTI instruction. 


When the RTI instruction 
is executed, 
the CPU state before 


the interrupt 
(saved in the stack) is pulled and the CPU starts 


the program again from the next step to the interrupted 
one. 
Table 
I. 
lists the 
priority 
of interrupts 
and their 
vector 


addresses. 


'~I 
SFF~SP 
O~DDR'S 
CLRiNT Logic 
SFF~TDR 
S7F~ Timer Prescaler 
S50-TCR 
S3F-SSR 
SOO~SCR 
S7F~MR 


Interrupt 
Priority 
Vector Address 
ffi 
1 
$lFFE, 
$lFFF 


SWI 
2 
$lFFC, 
$lFFD 


INT 
3 
$lFFA. 
$lFFB 


TIMER/INT, 
4 
$lFFB. 
$lFF9 


SCIITIMER, 
5 
$lFF6, 
$lFF7 


A flow chart of the interrupt 
is shown in Fig. 12. Also a 
block diagram of the interrupt 
request 
source is shown in 
~ 
13. ~e 
block diagram, both the external interrupts 
INT and INT, 
are edge trigger inputs. 
At the falling edge 


of the in~ 
an interrupt request is generated and latched. 


The INT interrupt 
request 
is automatically 
cleared it a 


program jumps to the INT routine. In the case of INT" 
the 


interrupt 
request is cleared when "0" is written in bit 7 of 


the miscellaneous register. For external interrupts(INT,INT2), 
internal timer interrupts 
(TIMER, TIMER2) and serial inter- 


rupt (SCI), these interrupt requests are held, but not operated, 
while bit I of the condition code register is set. Immediately 
after 
the 
bit 
I is cleared, 
the corresponding 
interrupt 
is 


activated. 


The INT, 
interrupt 
can be masked by setting bit 6 of the 


miscellaneous register; the TIMER interrupt 
by bit 6 of the 


timer control register, the SCI interrupt 
by bit 5 of the serial 
status register and the TIMER2 interrupt by bit 4 of the serial 
status register. 
' 


The state of the INT pin is tested by BIL or BIH instruc- 


tions. The INT falling edge detecror circuit and its latch drcuit 
are independent 
of tests by thes~ instructions. 
The state of 


INT, pin is also independent. 
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• 
Miscellaneous 
Register 
(MR: $OOOAI 
The 
interrupt 
vector 
address 
for external 
interrupt 
(NT2 is 


the 
same 
as that 
for the 
TIMER 
interrupt, 
as shown 
in Table 
I. 
For 
this 
reason, 
a special 
register 
called 
a miscellaneous 


register 
(MR: 
$OOOA) is available 
for 
(NT2 
interrupt 
control. 


Bit 7 of the miscellaneous 
register 
is of (NT2 
interrupt 
request 


flag. When 
the 
falling 
edge 
is detected 
at the (NT2 pin, "I" 
is 


set 
in bit 
7. 
The 
software 
in 
the 
interrupt 
routine 
(vector 


address: 
$1 FF8, 
$1 FF9) 
checks 
to see if it is INT2 
interrupt. 


Bit 7 is reset 
by 
software. 
Bit 6 is the 
(NT2 
interrupt 
mask 
bit. If the bit is set to "I ", the INT2 
interrupt 
is disabled. 


Miscellaneous 
Register 
(MR;$OOOA! 


76543210 


~ 


~ 
:~terruPt 
Mask 


----------- 
INT2 
Interrupt Request Flag 


Both 
"READ" 
and 
"WRITE" 
are possible 
with 
bit 
7, but 


"I" 
can 
not 
be written 
to in this bit by software. 
Therefore, 


interrupt 
requests 
by 
software 
are not 
possible. 
By resetting, 
bit 7 is cleared 
and bit 6 is entered 
"1 " . 


• TIMER 
The 
MCU 
timer 
block 
diagram 
is shown 
in Fig. 
14. The 
8- 
bit 
counter 
is loaded 
under 
program 
control 
and 
is decre- 
mented 
by 
the 
clock 
input. 
When 
the 
timer 
data 
register 


(TOR) 
reaches 
0, the 
timer 
interrupt 
request 
bit (bit 7) in the 


timer 
control 
register 
is set. The 
MCU 
responds 
to this 
inter- 
rupt 
by saving 
the 
present 
CPU state 
in the stack, 
fetching 
the 


timer 
interrupt 
routine 
address 
from 
address 
$IFF8 
and 


$1 FF9. 
The 
tuner 
interrupt 
can 
be 
masked 
by 
setting 
the 


timer 
interrupt 
mask 
bit 
(bit 
6) in the 
timer 
control 
register. 


The 
mask 
bit 
(I) in the condition 
code 
register 
can also disable 


the 
timer 
interrupt. 
The 
source 
clock 
for 
the 
timer 
can 
be 


either 
an 
external 
signal 
from 
the 
timer 
input 
pin 
or 
the 


internal 
E 
signal 
(oscillator 
clock 
divided 
by 
4). 
If 
the 
E 


signal 
is selected 
as the 
source, 
the clock 
input 
can 
be gated 


by the input 
to the timer 
input 
pin. 
When 
the 
timer 
counter 
reaches 
"0", 
it 
starts 
counting 


down 
from 
$FF. 
The 
count 
can 
be monitored 
at any time 
by 


reading 
the timer 
data 
register. 
This function 
allows 
knowledge 


of the 
length 
of time 
after 
a timer 
interrupt 
with 
a program, 


without 
destroying 
the contents 
of the counter. 


When 
the 
MCU 
is reset, 
both 
the 
prescaler 
and 
counter 


return 
to 
the 
initial 
state 
of logical 
"I ". 
At 
the 
same 
time, 


the 
timer 
interrupt 
request 
bit (bit 
7) is cleared 
and the timer 


interrupt 
mask 
bit 
(bit 
6) is set. Write 
"0" 
in the 
timer 
inter- 


rupt 
request 
bit (bit 
7) to clear it. 


TCR7 


o 


TCR6 


o 
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• Timer Control Register (TeR; $0009\ 


Selection 
of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt 
can be controlled 


by the timer control register (TCR; $0009). 


For the selection of a clock source, anyone 
of the four 


modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


L PresC8ler division ratio selection 
PrftCiler 
initialize 
---------Clock 
input source 


Timer 
interrupt 
mask 
Timer 
interrupt 
request 


After 
resetting, 
the TCR is initialized to "E under timer 
terminal control" 
(bit 5 = 0, bit 4 = I). If the timer terminal 


is 
"I ", 
the 
counter 
starts 
counting 
down 
with 
"SFF" 


immediately after the reset. 


TCR 


Bit 5 
Bit 4 


Clock input source 


0 
0 
Internal clock E 


0 
1 
E under timer terminal control 


1 
0 
No clock input (counting stopped) 


1 
1 
Event input from timer terminal 


(Internal 


Clock) 


E 


TCR 


Bit 2 
Bit 1 
Bit 0 
Prescaler division ratio 


0 
0 
0 
+1 


0 
0 
1 
+2 


0 
1 
0 
+4 


0 
1 
1 
+B 


1 
0 
0 
+16 


1 
0 
1 
+32 


1 
1 
0 
+64 


1 
1 
1 
+128 


The prescaler is initialized by writing" I" in bit 3. The bit is 


always 
"0", 
when 
"READ". 
A prescaler division 
ratio 
is 
selected by a combination 
of the three bits (bits 0, I and 2) 


of the timer control 
register (See Table 3). There are eight 


division ratios; +1, +2, +4, +8, +16, +32, +64 and +128. 


After resetting, the TCR returns to the + I mode. The timer 


interrupt 
is enabled when the timer interrupt 
mask bit is "0", 


and disabled when the bit is "I". 
When a timer interrupt 
occurs, "I" 
is set in the timer interrupt 
request bit. The bit is 
cleared by writing "0" into it. 


-SERIAL 
COMMUNICATION 
INTERFACE (SCIl 


Used for 8-bit data communication. 
Transfer rate ranges 


from I/Js to about 32 ms (when oscillated at 4 MHz), and there 
are sixteen selections. 
The SCI consists of three registers, one octal counter and 
one prescaler. (See Fig. 15) The SCI communicates 
with the 
CPU through the data bus, and with peripherals through bits 
5, 6 and 7 of port C. Operations 
of the registers and data 
transfer are described below. 
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_ 
ruli--, 


Cs(CKI 
: 
I 
I 
I 
I 
I 
II 
I 
C6IRx) 
: 
---.I 
C7~ 


IL 
_ 


Transfer 
Clock 
Generator 


o 
Used as 110 terminal (by OOR). 


Serial data output (OOR output) 


SCR6 


o 
Used as 110 terminal (by OORI. 


Serial data input (OOR input) 


SCR5 
SCR4 
Clock source 
Cs terminal 


0 
0 
- 
Used as 110 terminal (by 


0 
1 
- 
OOR). 


1 
0 
Internal 
Clock output (OOR output) 


1 
1 
External 
Clock input (OOR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding 
to the C, 


becomes "I" 
and this terminal serves for output of SCI data. 


After resetting the bit is cleared to "0". 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding 
to the C. 


becomes "0" and this terminal serves for input of SCI data. 
After resetting the bit is cleared to "0". 


Bits 5 and 4 (SCR5, SCR4) 
These bits are used to select a clock source. After resetting 


the bits are cleared to "0". 


Bits 3 - 
0 (SCR3 - SCRO) 
These bits are used to select a transfer clock rate. After 


resetting the bits are cleared to "0". 


SCR3 
SCR1 
Transfer clock rate 
SCR2 
SCRO 
4.00 MHz 
4.194 MHz 


0 
0 
0 
0 
1 lIs 
0.95 lIS 


0 
0 
0 
1 
2 lIS 
1.91 lIS 


0 
0 
1 
0 
4 lIs 
3.82 lIS 


0 
0 
1 
1 
8 lIS 
7.64 lIS 


I 
I 
I 
I 
I 
I 


1 
1 
1 
1 
32768 lIS 
1/32 s 
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-sel o.t11 Regi.tIIr (SDR; $0012) 


A serial-parallel conversion register that is used for transfer 
of data. 


Bit 7 (SSR7) 
Bit 7 is the SCI interrupt 
request bit which is set on com- 


pletion 
of transmitting 
or receiving 8-bit data. It is cleared 


when reset or data is written 
to or read from the SCI data 


register with the SCR5="I". 
The bit can be cleared by writing 


"0" into it. 


Bit 6 (SSR6) 
Bit 6 is the TIMER, interrupt request bit. TIMER, is com- 


monly used with the serial clock generator, 
and SSR6 is set 


each time the internal transfer clock falls. When resetting, 
the 


bit is cleared. It can also be cleared by writing "0" into it. 
(For details, see TIMER,). 


Bit 5 (SSR5) 
Bit 5 is the SCI interrupt 
mask bit which can be set or 


cleared by software. 
When it is "I", 
the SCI interrupt (SSR7) 


is masked. When resetting, it is set to "I". 


Bit 4 (SSR4) 
Bit 4 is the TIMER, 
interrupt 
mask bit which can be set 


or cleared by software. 
When the bit is "I", 
the TIMER, 


interrupt (SSR6) is masked. When resetting, it is set to "I". 


Bit 3 (SSR3) 
When "I" 
is written into this bit, the prescaler of the trans- 


fer clock generator 
is initialized. When "READ", 
the bit is 


always "0". 


Bits 2 - 0 
Not used. 


SSR7 


o 


SCI interrupt request 


Absent 


Present 


SSR6 
o 


TIMER, interrupt request 


Absent 


Present 


SSR5 
o 


SCI interrupt mask 


Enabled 


Disabled 


SSR4 


o 


1 


TIMER, interrupt mask 


Enabled 


Disabled 


• Data Transmission 
By writing the desired control 
bits into the SCI control 
registers, a transfer rate and a transfer clock source are deter- 
mined and bits 7 and 5 of port C are set at the serial data 
output 
terminal 
and the serial clock terminal, 
respectively. 


The transmit 
data should be stored from the accumulator 
or index register into the SCi data register. The data written 
in the SCI data register is output 
from the C7/Tx 
terminal, 


starting with the LSB, synchronously 
with the falling edge 
of the serial clock (See Fig. 16). When 8 bits of data have been 
transmitted, 
the interrupt 
request bit is set in bit 7 of the SCI 
status register with the rising edge of the last serial clock. This 
request can be masked by setting bit 5 of the SCI status re- 
gister. Once the data has been sent, the 8th bit data (MSB) 
stays at the C7/Tx 
terminal. 
If an external clock source has 
been selected, the transfer rate determined by bits 0 to 3 of 
the SCI control register is ignored, 
and the CSICK 
terminal 
is set as input. If the internal clock has been selected, the CsI 
CK terminal 
is set as output 
and clocks are output 
at the 
transfer 
rate selected by bits a to 3 of the SCI control 
re- 
gister. 


• Data Reception 
By writinK the desired control 
bits into the SCI control 
register, a transfer 
rate and a transfer clock source are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input 
terminal 
and 
the 
serial clock terminal, 
respectively. 


Then dummy-writing 
or -reading the SCI data register, the 
system is ready for receiving data. 
(This procedure 
is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 


The data from the C./Rx 
terminal 
is input 
to the SCI 
data 
register 
synchronously 
with 
the 
rising edge 
of 
the 


serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt 
request bit is set in bit 7 of the SCI 
status register. 
This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 - 3 of the SCI 
control 
register is ignored, and the data is received synchro- 


nously with the clock from the CSICK terminal. 
If the internal 
clock has been selected, the Cs/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 - 
3 of the SCI control register. 


• TIMER, 
The SCI transfer clock generator can be used as a timer. 


The clock selected by bits 3 to 0 of the SCI control register 
(4 lIS to approx. 32 ms (when oscillated at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER, 
interrupt 


request bit is set at each falling edge of the clock. Since inter- 
rupt 
requests occur periodically, 
TIMER, 
can be used as a 


reload counter or clock. 
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CD 
: Transfer 
clock 
generator 
is 
reset 
a"nd mask 
bit 
(bit 
4 


of 
SCI 
status 
register) 
is cleared. 


®. ® :TIMER> 
interrupt 
request 


oo.@ :TlMER2 
interrupt 
request 
bit cleared 


TIMER> is commonly 
used with the SCI transfer clock 


generator. 
If wanting to use TIMER> independently 
of the 
SCI. specify "External" 
(SCR5 = I. SCR4 = I) as the SCI 


clock source. 


If "Internal" 
is selected as the clock source, reading or 


writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


-I/O 
PORTS 
There are 24 input/output 
terminals (ports A. B, C). Each 


I/O terminal can be selected for either input or output by the 
data direction 
register. Specifically. an I/O port will be input 


if "0" 
is written 
in the data direction register, and output 
if 
"I" 
is written in the data direction register. Port A, B or C 


reads latched data if it has been programmed as output. 
even 


with the output 
load, the output 
level fluctuating. (See Fig. 
17). 


When resetting the data direction register and data register 


go to "0" and all input/output 
terminals are used as input. 
Seven input-only 
terminals are available (port D). Writing 


to these ones is invalid. 


All input/output 
terminals 
and input 
terminals 
are TTL 


compatible 
and CMOS compatible 
in respect of both input 


and output. 


If I/O ports or input ports are not used, they should be 


connected to VSS via resistors. 
With none connected to these 
terminals, 
there is the pOSSibility of power being consumed 


despite their not being used. 


Bit of data 
Bit of 
Status of 
Input to 
direction 
output 
output 
MCU 
register 
data 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
3-state 
Pin 


-RESET 
The MCV can be reset either by external reset input (RES) 
or power-on 
reset. 
(See Fig. 18). 
On power up, the reset 


input must be held "Low" for at least tosc to assure that the 
internal 
oscillator 
is stabilized. 
A sufficient 
delay time can 


be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 


HD63P05Yl 
MCU 


-INTERNAL 
OSCILLATOR 
The 
internal 
oscillator 
circuit 
is designed 
to meet 
the 


6 EXTAL 
lo-a:.oMHZ= 
5 XTAl 


10-22pF,20% 


HD63P05Yl 
MCU 


HD63P05Yl 
MCU 


External 
Ceramic Oscillator 


Clock 
Input 
6 EXTAl 


NC 5 XTAl 
HD63P05Yl 
MCU 


External Clock Drive 


Figure 20 
Internal Oscillator Circuit 
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requirement 
for 
minimum 
extemal 
configurations. 
It can be 


driven 
by 
connecting 
a crystal 
(AT 
cut 
2.0 
- 
8.0MHz) 
or 


ceramic 
oscillator 
between 
pins 
5 and 6 depending 
on the 
re- 


quired 
oscillation 
frequency 
stability. 


Three 
different 
terminal 
connections 
are shown 
in Fig. 20. 
Figs. 21 and 22 illustrate 
the specifications 
and typical 
arrange- 


ment 
of the crystal. 


C, 
C~ 


s 


XTAL 
EXTAL 


5 
Co 
6 


AT Cut 
Parallel 
Resonance 
Co=7pF 
max. 


f=2.0-S.0MHz 
Rs=6()Q 
max. 


Use as short wirings as possible for connection of the crystal 
with 
the 
EXTAL 
and XTAL 
terminals. 
Do not allow these 


wirings to cross others. 


-LOW 
POWER DISSIPATION 
MODE 


The 
HD63P05YI 
has 
three 
low 
power 
dissipation 
modes: 


wait, 
stop 
and standby. 


.WaitMode 
When 
a WAIT 
instruction 
being 
executed, 
the 
MCU enters 


into 
the 
wait 
mode. 
In this 
mode, 
the 
oscillator 
stays 
active 


but 
the 
internal 
clock 
stops. 
The CPU stops 
but 
the peripheral 


functions 
- 
the 
timer 
and 
the 
serial 
communication 
inter- 


face 
- 
stay 
active. 
(NOTE: 
Once 
the 
system 
has entered 
the 


wait 
mode, 
the 
serial 
communication 
interface 
can no longer 


be retriggered.) 
In the wait 
mode, 
the 
registers, 
RAM and I/O 


terminals 
hold 
the 
condition 
just 
before 
entering 
the 
wait 


mode. 
Both 
address 
(Ao 
- 
A12) and chip 
enable 
(CE) for the 


EPROM 
are in "I" 
state. 
Release 
from 
this 
mode 
can 
be 
done 
by 
interrupt 
(INT, 
TIMER/INT2 
or 
SCI/TlMER2), 
RES 
or 
STBY. 
The 
RES 


resets 
the 
MCU 
and 
the 
STBY 
brings 
it 
into 
the 
standby 


mode. 
(This 
will be mentioned 
later.) 


When 
interrupt 
is requested 
to the CPU and 
accepted. 
the 


wait 
mode 
is released 
and the CPU is brought 
to the operation 


mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
interrupt 
is 


masked 
by the I bit of the condition 
code 
register, 
after 
release 


from 
the 
wait 
mode 
the 
MCU executes 
the instruction 
follow· 
ing WAIT. 
If an interrupt 
other 
than 
the 
INT (i.e., 
TIMER/ 
INT2 
or 
SCI/TlMER2) 
is masked 
by 
the 
timpr 
control 
re- 
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gister, 
miscellaneous 
register 
or 
serial 
status 
register, 
there 


is no 
interrupt 
request 
to the 
CPU, 
so the wait 
mode 
cannot 
be released. 
Fig. 23 shows 
a flowchart 
of the wait function. 


• Stop 
Mode 
When 
STOP 
instruction 
is being 
executed, 
the 
MCU enters 


the stop 
mode. 
In this mode, 
the oscillator 
stops 
and the CPU 
and 
peripheral 
functions 
become 
inactive 
but 
the 
RAM, 


register 
and 
I/O 
terminals 
hold 
the 
condition 
they 
had just 
before 
enteri~ 
the 
stop 
mode. 
Both 
address 
(Ao 
- 
A12) and 
chip enable 
(CE) for the EPROM 
are in "I" 
state. 


Release 
from 
this 
mode 
can be done 
by an external 
inter- 
rupt 
(INT 
or INT2), 
RES 
or STBY. 
The 
RES 
resets 
the MCU 
and the STBY brings 
it into 
the standby 
mode. 


When 
an interrupt 
is requested 
and 
accepted 
by the CPU, 


the 
stop 
mode 
is released 
and the CPU is brought 
in the opera- 


tion 
mode 
and 
vectors 
to the 
interrupt 
routine. 
If the 
inter- 


rupt 
is masked 
by 
the 
I bit 
of 
the 
condition 
code 
register, 


after 
release 
from 
the 
stop 
mode, 
the 
MCU 
executes 
the 
instruction 
follOWing 
STOP. 
If the 
INT2 
interrupt 
is masked 
by 
the miscellaneous 
register, 
there 
is no interrupt 
request 
to 
the MCU, so the stop 
mode 
cannot 
be released. 


Fig. 
24 
shows 
the 
flowchart 
of the 
stop 
function. 
Fig. 25 


shows 
a timing 
chart 
of 
the 
return 
to 
the 
operation 
mode 
from 
the stop mode. 
For 
releasing 
from 
the 
stop 
mode 
by an interrupt, 
oscilla- 
tion 
starts 
upon 
input 
of the 
interrupt 
and, 
after 
the 
internal 
delay 
time 
for stabilized 
oscillation, 
the CPU 
becomes 
active. 


For 
restarting 
by 
RES, 
oscillation 
starts 
when 
the 
RES 
goes 


"0" 
and ~ 
CPU 
restarts 
when 
the 
RES 
goes 
"1" .. The dura- 
tion 
of 
RES="O" 
must 
exceed 
tosc 
to assure 
stabilized 
oscil- 
lation. 


• Standby 
Mode 
__ 


The MCU enters 
the standby 
mode 
when 
the STBY terminal 
goes 
"Low". 
In this mode, 
all operations 
stop and the internal 
condition 
is reset 
but 
the contents 
of the 
RAM 
are held. 
The 
I/O terminals 
turn 
to high-impedance 
state. 
Both 
address 
(Ao 
- 
A12) 
and 
chip 
enable 
(CE) 
for 
the 
EPROM 
are 
in "I" 


state. 
The 
standby 
mode 
should 
be 
released 
by 
bringing 
STBY 
"High". 
The 
CPU 
must 
be 
restarted 
by resetting. 
The 
timing 
of 
input 
signals 
at 
the 
RES 
and 
STBY 
terminals 
is 


shown 
in Fig. 26. 


Table 
4 lists 
the 
status 
of each 
parts 
of the MCU in each 
low power 
dissipation 
modes. 
Transitions 
between 
each 
mode 
are shown 
in Fig. 27. 


Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 


Initialize 
CPU, TIMER. SCI, 
I '0 and All 
Other Functions 


Fetch 
Instruction 


Load PC from 
Interrupt 
Vector 


Addresses 
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Oscillator and 
All Clocks Stop. 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Fetch 
Instruction 


Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
Interrupt Vector 
Addresses 
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Oscillator~ 


Oscillator~ 


E~ 


I 
STOP instruction 
executed 


Time required for oscillation 
to become 


stabilized (built-in 
delay time) 
~tions 
restart 


Time required for oscillation 
to become 


stabilized (tose! 


i 
i 
, 
, 


, 
I 
I 
-, 


I 
t 
I 
I 


~_"" 
__ 
\.. 
__ 
t 


Condition 


Mode 
Start 
Oscil- 
Timer, 
I/O 
Escape 


lator 
CPU 
Serial 
Register 
RAM 
terminal 


WAIT in- 
STBY, RES, INT, INT" 
WAIT 
struction 
Active 
Stop 
Active 
Hold 
Hold 
Hold 
each interrupt 
request of 


Soft- 
TIMER, 
TIMER" 
SCI 
- 
ware 


STOP 
STOP in- 
Stop 
Stop 
Stop 
Hold 
Hold 
Hold 
STBY, RES, INT, INT, 
struction 


Stand- 
Hard- 
STBY="Low" 
Stop 
Stop 
Stop 
Reset 
Hold 
High im- 
STBY="High" 
by 
ware 
pedance 
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Figure 
27 
Transitions 
among 
Active 
Mode, 
Wait Mode, 


Stop 
Mode, 
Standby 
Mode and Reset 


• 
PRECAUTION 
TO 
THE 
BOARD 
DESIGN 
OF OSCILLA- 


TION 
CIRCUIT 


As 
shown 
in 
Fig.28, 
the 
cross 
talk 
may 
disturb 
normal 


oscillation 
if sign,al 
lines 
are 
set 
near 
the 
oscillation 
circuit. 


When 
designing 
a board, 
be careful 
of 
this. 
Crystal 
and 
CL 


must 
be put near XTAL 
and EXTAL 
pins 
as possible. 


Figure 
28 
Precaution 
to the board 
design 
of 


oscillation 
circuit 


• 
PRECAUTION 
TO 
USE 
THE 
EPROM 
ON-PACKAGE 
8-BIT 


SINGLE-CHIP 
MICROCOMPUTER 


Please 
be 
careful 
of the 
following, 
since 
this 
MCU 
has 
a 


special 
structure 
with 
pin socket 
on the package. 


(I) 
Don't 
apply 
high 
static 
voltage 
or 
surge 
voltage 
over 


MAXIMUM 
RATINGS 
to 
the 
socket 
pins 
as well as the 


LSI pins. 
If so, that 
may 
cause 
permanent 
damage 
to the 


device. 


(2) 
When 
using 
32k 
EPROM 
(24-pin), 
insert 
it leaving 
the 


four pins above 
open. 


(3) 
When 
inserting 
this 
into 
system 
products 
like mask 
ROM 


type 
single 
chip 
microcomputer, 
be careful 
of the follow- 


ing to give effective 
contact 
between 
the EPROM 
pins and 


socket 
pins. 


,-------/ 
:0 
C', 
24 Pin EPROM 
should be inserted 


~o~ 
?~ 
on the mark side with 4 above open. 


c 
(' 


0 
~ 


0 
C 


0 
0 
0 
0 
0 
0 
0 
0 
c 
n 
0 
0 
0 
C 


0 
C 
0 
C 


A!'I. 4G2 JAPAN 
'l;I' HD63POSYl 


(a) 
When 
soldering 
the 
LSI onto 
a printed 
circuit 
board, 


the recommended 
condition 
is 


Temperature: 
lower 
than 
250°C 


Time: 
within 
10 sec. 
(b) 
Be careful 
that 
detergent 
or coating 
does not get into 


the socket 
during 
nux 
washing 
or board 
coating 
after 
soldering, 
because 
that 
may 
cause 
bad 
effect 
on 
socket 
contact. 


(c) 
Avoid 
permanent 
application 
of this under 
conditions 
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of continuous vibration. 


(d) 
The socket, 
repeatedly 
inserted and removed, loses 


its contactability. 
It is recommended 
to use new one 


when used in production. 


-BIT MANIPULATION 
The HD63P05YI 
MCV can use a single instruction 
(BSET 


or BCLR) to set or clear one bit of the RAM within page 0 or 
an I/O port (except the write-only registers such as the data 
direction register). Every bit of memory or I/O within page 0 
($00 - 
$FF) can be tested by the BRSET or BRCLR instruc- 
tion; depending 
on the result of the test, the program can 
branch to required destinations. Since bits in the RAM on page 
0, or I/O can be manipulated, the user may use a bit within the 
RAM on page 0 as a flag or handle a single I/O bit as an 
independent 
I/O terminal. 
Fig. 29 shows an example of bit 
manipulation 
and 
the validity 
of test instructions. 
In the 


example, the program is configured assuming that bit 0 of port 
A is connected 
to a zero cross detector circuit and bit I of the 
same port to the trigger of a triac. 


The program shown can activate the triac within a time of 


lOllS from zero-crossing through the use of only 7 bytes on 
the memory. 
The on-chip timer provides a required time of 
delay and pulse width mlJdulation of power is also possible. 


SE l F 1. 
BRClR O. PORT A. SELF 1 
BSET 1. PORT A 
BClR 1. PORT A 


-ADDRESSING 
MODES 
Ten 
different 
addressing 
modes 
are 
available 
to 
the 
HD63POSYI MCV. 


• Immediate 
See Fig. 30. 
The immediate 
addressing 
mode prOVides 


access to a constant which does not vary dUring execution of 
the program. 
This access requires an instruction 
length of 2 bytes. 
The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 


• Direct 
See Fig. 31. 
In the direct addressing mode, the address of 


the operand is contained 
in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. 192 byte RAM and I/O registers are on page 0 
of address space so that the direct addressing mode may be 
utilized. 


e Extended 
See Fig. 32. The extended addressing is used for referenc- 


ing to all addresses of memory. 
The EA is the contents 
of 
the 
2 bytes 
that 
follow the operation 
code. 
An extended 


addressing instruction requires a length of 3 bytes. 


• Relative 
See Fig. 33. 
The relative addressing mode is used with 


branch instructions 
only. 
When a branch occurs, the program 


counter is loaded with the contents of the byte following the 
operation code. 
EA = (PC) + 2 + ReI., where ReI. indicates a 


signed 8-bit data following the operation code. 
If no branch 


occurs, ReI. = O. When a branch occurs, the program jumps 
to any byte in the range + I29 to -127. 
A branch instruction 


requires a length of 2 bytes. 


• Indexed (No Offset) 
See Fig. 34. 
The indexed addressing mode allows access 


up to the lower 255th address of memory. 
In this mode, an 


instruction 
requires 
a length of one byte. 
The EA is the 


contents of the index register. 


• Indexed (S·bit Offsed 
See Fig. 35. 
The EA is the contents 
of the byte follow- 


ing the operation 
code, plus the contents of the index register. 


This mode allows access up to the lower 5 I Ith address of 
memory. 
Each instruction 
when used in the index addressing 


mode (8-bit offset) requires a length of 2 bytes. 


• Indexed (16·bit Offset) 
See Fig. 36. 
The contents 
of the 2 bytes following the 


operation 
code are added 
to content 
of the index register 


to compute 
the value of EA. 
In this mode, the complete 


memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 37. This addressing mode is applied to the BSET 


and BCLR instructions 
that can set or clear any bit on page 


O. The lower 3 bits of the operation 
code specify the bit to 


be set or cleared. 
The byte that follows the operation code 


indicates an address within page O. 


• Bit Test and Branch 
See Fig. 38. This addressing mode is applied to the BRSET 


and BRCLR instructions 
that can test any bit within page 0 


and can be branched 
in the relative addressing mode. 
The 


byte to be tested is addressed depending 
on the contents of 


the byte following the operation code. 
Individual bits within 


the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. 
Each of these instructions 
should be 3 bytes 


long. The value of the test bit is written in the carry bit of the 
condition code register. 


elmplied 
See Fig. 39. 
This mode involves no EA. All information 


needed 
for execution 
of an instruction 
is contained 
in the 


operation 
code. 
Direct 
manipulation 
on the 
accumulator 


and index register is included in the implied addressing mode. 
Other instructions 
such as SWI and RTI are also used in this 


mode. 
All instructions 
used in the implied addressing mode 


should have a length of one byte. 
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I 
Memory ili 


I = 


F8 


Inde .• Reg 
I 
Stack POint 
I 
Prog Count 


05eO 


CCI 


Inde. 
eg 


Stack"~o-,n-,--" 


Prog !ount 


OS2F 


CCI 


Memory. 


~ 


PROG 
LOA 
CAT 
0409 
C6 
040A 
06 


0408 
ES 


40 


Indell 
Reg 
I 
Stack 
POlnl 
I 


Prog 
Count 
040C 


CCI 
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i, 
' 


~ 


~ 
i 
I 


I 
Index 
Reg 
I 
Stack 
Pomt 
I 
Prog Count 
04(1 


CC 


EA 


Memorv 
OOB8 


· 
. 


PROG 
lOA 
X 05F4§ 


~ 
. 


Stack 
POlOl 


Prog !ount 


05F5 


CC 
I 


TABl 
Fee 
If BF 
0089 
BF 
Fee.86 
008A 
86 
Fee II 08 
(l088 
08 


Fee 
Sf CF 
Dose 
CF 


· 
. 
· 
. 


~ 


CF 
Index 
Reg 
03 
Slack 
POlOl 
I 
Prog Count 


0750 


CC 
I 
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DB 
Indell 
eg 
02 
Stack 
olnl 


I 


Prog 
Counl 


0695 


CC 
I 


~· 
. 
PROG lOA 
TABL X 0692 
06 


0693 
07 
0694 
7£ 


TABl 
FeB 
IISF 
017E 
SF 


Fee 
M86 
Q17F 
86 
Fee II 08 
0780 
DB 


Fee 
lieF 
0781 
CF 


; 


PORTBEQU1000'~: 
SF 
I 


lear 
B"6 
· 
. 


PAOG BeLR 6 PORT 8 058F 
10 
OS90 
01 


A 
I 
Indell 
Reg 
I 
Stack 
POint 
I 
Prog 
Counl 
0591 


CCI 


~i 
: 
· 
, 


A 
I 
lode- 
Reg 
I 


Stack POint 


Prog bounl 


0594 


CC 


PROG 
SRClA 
2 POAT 
C PROG 
2 0574 
0575 
0576 
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Index 
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E5 
Stack 
omt 
I 
Prog Count 


05BB 
CCI 


-INSTRUCTION 
SET 


There are 62 basic instructions available to the HD63P05YI 
MCV. They can be classified into five categories: register/ 
memory, 
read/modify/write, 
branch, 
bit manipulation, 
and 
control. 
The details of each instruction 
are described 
in 
Tables 5 through II. 


• Register/Memory Instructions 


Most of these instructions use two operands. 
One operand 


is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
MCV. There is no register operand in the unconditional 
jump 


instruction 
(JMP) and the subroutine jump instruction 
(JSR). 


See Table 5. 


• Reed/ModifylWrite Instructions 
These instructions read a memory or register, then modify 
or test its contents, 
and write the modified value into the 
memory 
or register. 
Zero test instruction 
(TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


• Branch Instructions 
A branch instruction branches from the program sequence 


in progress if a particular condition is established. 
See Table 7. 


• Bit Manipulation Instructions 
These instructions 
can be used with any bit located up to 


the lower 255th address of memory. 
Two groups are available; 


one for setting or clearing and the other for bit testing and 
branching. 
See Table 8. 


• Control Instructions 
The control instructions control the operation of the MCV 


which is executing a program. See Table 9. 


• List of Instructions in Alphabetical Order 
Table 10 lists all the instructions used on the MCV in the 


alphabetical order. 


• Operation Code Map 
Table II shows the operation code map for the instructions 


used on the MCV. 
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Addressing 
Modes 


Indexed 
Indexed 
Indexed 
Boolean/ 
Condition 


Operations 
Mnemonic 
Arithmetic 
Cod. 
ImmedIate 
Direct 
Extended 
(No Offset) 
(8·81tOffsetl 116·81tOffsell 
Operation 


OP • 
- 
OP • 
- 
OP • - 
OP . - 
OP • 
- 
OP • 
- 
H 
I 
N 
Z 
C 


load 
A from Memory 
LOA 
A6 
2 
2 
86 
2 
3 
C6 
3 
4 
F6 , 
3 
E6 
2 
4 
06 
3 
5 
M-A 
·· " " • 
load 
X from 
Memory 
LOX 
AE 
2 
2 
8E 
2 
3 
CE 
3 
4 
FE , 
3 
EE 
2 
4 
DE 
3 
5 
M-X 
• · " " • 


Store 
A tn Memory 
STA 
87 
2 
J 
C7 
3 
4 
F7 , 
4 
E7 
2 
4 
07 
3 
5 
A-M 
• · 


A " • 


Store 
X In Memory 
STX 
8F 
2 
3 
CF 
3 
4 
FF , 
4 
EF 
2 
4 
OF 
3 
5 
X-M 
·· " " • 


Add Memory 
to A 
ADO 
A8 
2 
2 
88 
2 
3 
CB 
3 
4 
F8 
I 
3 
E8 
2 
4 
08 
3 
5 
A+M-A 
" • " " " 
Add Memory 
and Carry 


'0 
A 
AOC 
A9 
2 
2 
89 
2 
3 
C9 
3 
4 
F9 
I 
3 
E9 
2 
4 
09 
3 
5 
A+M+C-A 
A • " " 


A 


Subtract 
Memory 
SU8 
AO 
2 
2 
80 
2 
3 
CO 
3 
4 
FO 
1 
3 
EO 
2 
4 
00 
3 
5 
A-M-A 
·· " " " 
Subtract 
Memory 
from 


A WIth Borrow 
S8C 
A2 
2 
2 
82 
2 
3 
C2 
3 
4 
F2 , 
3 
E2 
2 
4 
02 
3 
5 
A-M-C-A 
·· " 
A 
A 


AND 
Memory 
to A 
AND 
A4 
2 
2 
84 
2 
3 
C4 
3 
4 
F4 , 
3 
E4 
2 
4 
04 
3 
5 
A· 
M-A 
· • " " · 
OR Memory 
WIth A 
ORA 
AA 
2 
2 
8A 
2 
3 
CA 
3 
4 
FA , 
3 
EA 
2 
4 
OA 
3 
5 
A+M-A 
· • 
A 
A • 


ExclusIve OR Memory 


With A 
EOR 
A8 
2 
2 
8B 
2 
3 
CB 
3 
4 
F8 , 
3 
EB 
2 
4 
08 
3 
5 
A$M-A 
·· " 


A • 


ArithmetiC 
Compare 
A 


With Memory 
CMP 
A' 
2 
2 
B' 
2 
3 
C' 
3 
4 
F1 , 
3 
E' 
2 
4 
01 
3 
5 
A-M 
·· 


A " 
1\ 


ArithmetiC 
Compare 
X 


WIth Memory 
CPX 
A3 
2 
2 
83 
2 
3 
C3 
3 
4 
F3 , 
3 
E3 
2 
4 
03 
3 
5 
X-M 
· • " " 
1\ 


~t 
Test Memory 
WIth 


A (logl,,1 
Comparel 
81T 
AS 
2 
2 
85 
2 
3 
C5 
3 
4 
F5 , 
3 
E5 
2 
4 
05 
3 
5 
A·M 
·· 


A " • 


Jump 
UncondItIonal 
JMP 
8C 
2 
2 
CC 
3 
3 
FC , 
2 
EC 
2 
3 
DC 
3 
4 
• • ..· 
Jump 
to 
Subroutine 
JSR 
80 
2 
5 
CO 
3 
6 
FO , 
5 
EO 
2 
5 
00 
3 
6 
·· • • • 


Symbols: 
Op· 
Operation 


•• 
• Number 
of bytes 


- 
• Number 
of cycles 


Addressing 
Modes 


Indued 
Indexed 
Condition 


()perations 
Mnemonic 
Boolean/Arithmetic 
Operation 
Cod. 


Implied(AI 
ImphedlXI 
DIrect 
(No Offset I (8·81t OffM11 


OP • 
OP • 
OP • 
OP • - 
OP • 
H 
I 
N 
Z 
C 


Increment 
INC 
4C , 
2 
5C , 
2 
3C 
2 
5 
7C , 
5 
BC 
2 
6 
A+ 1-A 
or X+1-X 
or M+1-M 
• • 
A 
A • 
Decrement 
OEC 
4A , 
2 
SA 
I 
2 
3A 
2 
5 
7A , 
5 
6A 
2 
6 
A - 1-A 
or X - 1-X 
or M - 1 -M 
• • " " • 


CI8Ir 
CLR 
4F , 
2 
SF 
I 
2 
3F 
2 
5 
7F , 
5 
6F 
2 
6 
OO-A 
or OO-X 
or OO-M 
• • 
0 
1 • 


Complement 
COM 
43 , 
2 
53 , 
2 
33 
2 
5 
73 , 
5 
63 
2 
6 
A-A 
or X-X 
or M-M 
• • 
A 
A , 


Negate 
OO-A-A 
or OO-X-X 


(2·s Complementl 
NEG 
40 , 
2 
50 , 
2 
30 
2 
5 
70 , 
5 
60 
2 
6 
or OO-M-M 
·· 


A 
A 
A 


Rot.te 
left 
Thru 
C.rry 
ROL 
49 , 
2 
59 , 
2 
39 
2 
5 
79 , 
5 
69 
2 
6 LtHb' 


1••.•••.8 ..~ ·· 
I I I I I 


1\ 
A 
A 
I 
I 


Rot.te 
RIght 
Thru C.rry 
ROR 
46 , 
2 
56 , 
2 
36 
2 
5 
76 
1 
5 
66 
2 
6 ~b' 
HH..I ..~ ·· 


A 
A 
A 
c 
I 
I 


c 
b, 
.. 


logl"l 
Stuft 
left 
LSL 
48 , 
2 
58 , 
2 
38 
2 
5 
7B , 
5 
6B 
2 
6 [H I ~~:'HI I 1-0 • • " 
A 
A 


2 
34 
2 
5 
74 , 
5 
64 
b, 
.. 
C 


loglc.1 
ShIft 
Right 
LSR 
44 , 
2 
54 , 
2 
6 
0-1 I H~~:..I I 1-0 • • 
0 " 
A 


ArlthmetK 
Shift 
Rtght 
ASR 
47 
67 
2 
6 crb. 
.. 
C 
, 
2 
57 , 
2 
37 
2 
5 
77 , 
5 
H·H•.I I 1-0 
• • 
A " " 
I 


ArlthmetK 
Shift 
Left 
ASL 
48 , 
2 
58 
1 
2 
38 
2 
5 
78 , 
5 
68 
2 
6 
EqUilI to LSl 
• • 
A 
A 
A 


Tnt 
for 
Negatlw 


or Z.ro 
TST 
40 , 
2 
50 , 
2 
30 
2 
4 
70 , 
4 
60 
2 
5 
A-OO 
or X-OO 
or M-OO 
·· 


A 
A • 
Symbols: 
Op· 
Operation 


•• 
• Number 
of bytes 


- 
• Number 
of cycles 
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Addressing Modes 


Condition 
Code 


Operations 
Mnemonic 
Relative 
Branch Test 


OP 
# 
- 
H 
I 
N 
Z 
C 


Branch 
Always 
BRA 
20 
2 
3 
None 
• • • • • 
Branch 
Never 
BRN 
21 
2 
3 
None 
• • • • • 
Branch 
IF Higher 
BHI 
22 
2 
3 
C+Z=O 
• • • • • 
Branch 
IF lower 
or Same 
BlS 
23 
2 
3 
C+Z=1 
• • • • • 
Branch 
IF Carry 
Clear 
BCC 
24 
2 
3 
C=O 
• • • • • 


(Branch IF Higher or Same) 
(BHS) 
24 
2 
3 
C=O 
• • • • • 
Branch 
IF Carry 
Set 
BCS 
25 
2 
3 
C=1 
• • • • • 


(Branch 
IF lower) 
(BlO) 
25 
2 
3 
C=1 
• • • • • 
Branch 
IF Not 
Equal 
BNE 
26 
2 
3 
Z=O 
• • • • • 
Branch 
IF Equal 
BEQ 
27 
2 
3 
Z=1 
• • • • • 
Branch IF Half Carry Clear 
BHCC 
2B 
2 
3 
H=O 
• • • • • 
Branch 
IF Half Carry 
Set 
BHCS 
29 
2 
3 
H=1 
• • • • • 
Branch 
IF Plus 
BPl 
2A 
2 
3 
N=O 
• • • • • 
Branch 
IF Minus 
BMI 
2B 
2 
3 
N=1 
• • • • • 
Branch 
IF Interrupt 
Mask 


Bit is Clear 
BMC 
2C 
2 
3 
1=0 
• • • • • 
Branch 
IF Interrupt 
Mask 


Bit is Set 
BMS 
2D 
2 
3 
1=1 
• • • • • 
Branch 
IF Interrupt 
line 


is low 
Bil 
2E 
2 
3 
INT=O 
• • • • • 
Branch 
IF Interrupt 
line 


is High 
BIH 
2F 
2 
3 
INT=1 
• • • • • 
Branch 
to Subroutine 
BSR 
AD 
2 
5 
-- 
• • • • • 


Symbols: Op =- Operation 


# 
== Number 
of bytes 


- 
'" Number 
of cycles 


Addressing Modes 
Boolean/ 
Operations 
Mnemonic 
Bit Set/Clear 
Bit Testand Branch Arithmetic 
Branch 
Condition 
Code 


Test 
OP 
II - 
OP 
II - 
Operation 
H 
I 
N 
Z 
C 
Branch IF Bit n is set 
BRSET n(n-O 
··7) 
- 
- - 
2·n 
3 
5 
- 
Mn=1 
• • • • 
/\ 


Branch IF Bit n is clear 
BRCLR n(n=0···7) 
- 
- 
- 
01 +2·n 
3 
5 
- 
Mn=O 
• • • • 
/\ 


Set Bit n 
BSET n(n-0···7) 
10+2·n 
2 
5 
- 
- - 
1-Mn 
- 
• • • • • 


Clear Bit n 
BCLR n(n-0···7) 
11 +2·n 
2 
5 
- - 
O-Mn 
- 
• • • • • 
Symbols: 
Op 
== Operation 
# 
:: Number 
of bytes 


- 
== Number 
of cycles 
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Addressing Modes 


Operations 
Mnemonic 
Implied 
Boolean Operation 
Condition 
Code 


OP 
# 
- 
H 
I 
N 
Z 
C 
Transfer A to X 
TAX 
97 
1 
2 
A-X 
• • • • • 
Transfer X to A 
TXA 
9F 
1 
2 
X-A 
• • • • • 
Set Carry Bit 
SEC 
99 
1 
1 
1-C 
• • • • 
1 


Clear Carry Bit 
CLC 
9B 
1 
1 
O-C 
• • • • 
0 
Set Interrupt 
Mask Bit 
SEt 
9B 
1 
2 
1-1 
• 
1 • • • 
Clear Interrupt 
Mask Bit 
CLI 
9A 
1 
2 
0-1 
• 
0 • • • 
Software 
Interrupt 
SWI 
B3 
1 
10 
• 
1 • • • 
Return from 
Subroutine 
RTS 
B1 
1 
5 
• • • • • 
Return from 
Interrupt 
RTI 
BO 
1 
B 
? 
? 
? 
? 
? 


Reset Stack Pointer 
RSP 
9C 
1 
2 
$FF-SP 
• • • • • 
No·Operation 
NOP 
90 
1 
1 
Advance Prog 
Cntr. Only 
• • • • • 
Decimal Adjust A 
DAA 
BD 
1 
2 
Converts 
binary add of B\...u charcters 
Into 
• • 
1\ 
1\ 
1\* 
BCD 
format 
Stop 
STOP 
BE 
1 
4 
• • • • • 
Wait 
WAIT 
BF 
1 
4 
• • • • • 
Symbols; 
Op· 
Operation 


#I 
• Number of bytes 


- 
• Number of cycles 


Addressing Modes 
Condition 
Code 


Bot 
Bot 


Mnemonic 
Indexed 
Indexed 
Indexed 
Setl 
Test 
& 


Implied 
Immediate 
Direct 
Extended 
Relative 
(No Offset) 
IB-Bit} 
(16-Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 
ADC 
x 
x 
x 
x 
x 
X 
1\ • 
1\ 
1\ 
1\ 


ADD 
x 
x 
x 
x 
x 
X 
1\ • 
1\ 
1\ 
1\ 


AND 
x 
x 
x 
x 
x 
x 
• • 
II 
1\ • 
ASL 
x 
x 
x 
x 
• • 


1\ 
1\ 
II 


ASR 
x 
x 
x 
x 
• • 
1\ 
II 
II 


BCC 
x 
• • • • • 
BeLR 
x 
• • • • • 
BCS 
x 
• • • • • 
BED 
x 
• • • • • 
BHCC 
x 
• • • • • 
BHCS 
x 
• • • • • 
BHI 
x 
• • • • • 
IBHS) 
x 
• • • • • 
BIH 
x 
• • • • • 
BIL 
x 
• • • • • 
BIT 
x 
x 
x 
x 
x 
x 
• • " 


II • 
IBLO) 
x 
• • • • • 
BLS 
x 
• • • • • 
BMC 
x 
• • • • • 
BMI 
x 
• • • • • 
BMS 
x 
• • • • • 
BNE 
x 
• • • • • 
BPL 
x 
• • • • • 
BRA 
x 
• • • • • 


Condition Code Symbols: 


H 
Half Carry (From llit 3) 
I 
InterruptMisk 
N 
Nagativa (Sign Bitl 
Z 
Zero 


Carry/Borrow 
Test and Set if True, Cleared Otherwise 
Not Affected 
Load CC RegisterFrom Stack 
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Addressing Modes 
Condition 
Code 


Bit 
Bit 


Mnemonic 
Indexed 
Indexed 
Indexed 
Set! 
Test & 


ImplieQ 
Immediate 
Direct 
Extended 
Relative 
(No 
Offset) 
IB·Bit) 
(l6·Bit) 
Clear 
Branch 
H 
I 
N 
Z 
C 


BRN 
X 
• • • • • 


BRCLR 
X 
• • • • 


1\ 


BRSET 
X 
• • • • 
1\ 


BSET 
X 
• • • • • 


BSR 
X 
• • • • • 


CLC 
X 
• • • • 
0 


CLI 
X 
• 
0 • • • 


CLR 
X 
X 
X 
X 
• • 
0 , • 


CMP 
x 
X 
x 
x 
x 
x 
• • 
A 
1\ 
1\ 


COM 
x 
x 
x 
x 
• • 
1\ 
A , 


CPX 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


oAA 
x 
• • 
1\ 
1\ 
1\ 


oEC 
x 
x 
x 
x 
• • 
1\ 
1\ • 


EOR 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


INC 
x 
x 
x 
x 
• • 
A 
1\ • 


JMP 
x 
x 
x 
x 
x 
• • • • • 


JSR 
x 
x 
x 
x 
x 
• • • • • 


LOA 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


LOX 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


LSL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


LSR 
x 
x 
x 
X 
• • 
0 
1\ 
1\ 


NEG 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


NOP 
x 
• • • • • 


ORA 
x 
x 
x 
x 
x 
x 
• • 
A 
1\ • 


ROL 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


ROR 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


RSP 
x 
• • • • • 


RTI 
x 
7 
7 
? 
7 
7 


RTS 
x 
• • • • • 


SBC 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SEC 
x 
• • • • , 


SEI 
x 
• , • • • 


STA 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


STOP 
x 
• • • • • 


STX 
x 
x 
x 
x 
x 
• • 
1\ 
1\ • 


SUB 
x 
x 
x 
x 
x 
x 
• • 
1\ 
1\ 
1\ 


SWI 
x 
• , • • • 


TAX 
x 
• • • • • 


TST 
x 
x 
x 
x 
• • 
1\ 
1\ • 


TXA 
x 
• • • • • 


WAIT 
x 
• • • • • 


Condition 
Code Symbols: 


H 
Half 
Carry 
(From 
Bit 31 


I 
Interrupt 
Mask 


N 
Negative 
(Sign 
Bit) 


Z 
Zero 


Carry/Borrow 


Test and Set if True. 
Cleared 
Otherwise 
Not 
Affected 


Load 
CC Register 
From 
Stack 
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Bit Manipulation 
Branch 
Read/ModifyjWrite 
Control 
Register /Memory 


Test & 
Setl 


Branch 
Clear 
Rei 
OIR 
A 
X 
.Xl 
.XO 
IMP 
IMP 
IMM 
OIR 
EXT 
.X2 
.Xl 
.XO 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F - 


0 
8RSETO 
BSETO 
BRA 
NEG 
RTI' 
SUB 
0 


1 
BRCLRO 
BCLRO 
BRN 
RTS" 
CMP 
1 


2 
BRSETl 
BSETI 
BHI 
SBC 
2 


3 
BRCLRI 
BCLRI 
BLS 
COM 
SWI" 
CPX 
3 


4 
BRSET2 
BSET2 
BCC 
LSR 
AND 
4 


5 
BRCLR2 
BCLR2 
BCS 
BIT 
5 


6 
BRSET3 
BSET3 
BNE 
ROR 
LOA 
6 


7 
BRCLR3 
BCLR3 
BEQ 
ASR 
TAX" 
STA 
5TI\(+11 
7 


8 
BRSET4 
BSET4 
BHCC 
LSL/ASL 
CLC 
EOR 
8 
9 
BRCLR4 
BCLR4 
BHCS 
ROL 
SEC 
AOC 
9 


A 
BRSET5 
BSET5 
BPL 
OEC 
CLI" 
ORA 
A 


B 
BRCLR5 
BCLR5 
BMI 
SEI" 
ADD 
B 


C 
BRSET6 
BSET6 
BMC 
INC 
RSP" 
JMP(-l) 
C 
0 
BRCLR6 
BCLR6 
BMS 
T5T(-1) 
TST 
I TST(-I) 
OAA" 
NOP 
BSW 
JSR( + 2) I JSR( + 1) 
IJ511(+2) 0 


E 
BRSET7 
BSET7 
BIL 
STOP" - 
LOX 
E 


F 
BRCLR7 
BCLR7 
BIH 
CLR 
WAIT" TXA' 
STX 
ISTX(+l) 
F 


3/5 
2/5 
2/3 
2/5 
1/2 
1/2 
I 216 
1/5 
1;- 
1/1 
212 
213 
3/4 
3/5 
I 2/4 
1 1/3 


(NOTES) 
1. 
"-" 
is an undefined operation 
code. 
2. 
The lowermost 
numbers in each column represent a byte count and the number of cycles required (byte count/number 
of cycle.). 


Th. 
number of cycles for the mnemonics ast.risked 
(-) is as follO'Ns: 


RT! 
8 
TAX 
2 
RTS 
5 
RSP 
2 
SWI 
10 
TXA 
2 
DAA 
2 
8SR 
5 
STOP 
4 
ell 
2 
WAIT 
4 
SEI 
2 


3. 
The parenthesized numbers must be added to the cycle count of the particular 
instructton. 


• 
Addition.1 
Instructions 


The following 
new instructions 
are used on the HD63P05Y 
I : 


OM 
Converts 
the 
contents 
of 
the 
accumulator 
into 
BCD 


code. 


WAIT 
Causes the MCV 
to enter the wait mode. For this mode, 


see the topic, 
Wait Mode. 
STOP 
Causes the MCV 
to enter 
the stop mode. For this mode, 


see the topic, 
Stop Mode. 
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HD63701 VO,HD637 A01 VO,-- 
HD637B01VO 
CMOS MCU (Microcomputer Unit) 


-ADVANCE 
INFORMATION- 


The 
HD63701 
VO is an 8-bit CMOS 
single-chip 
microcomputer 


unit, 
pin compatible 
with the HD6301V. 
4kB EPROM, 
192 bytes 


RAM, 
Serial 
Communication 
Interface 
(SCn, 
parallel 
I/O 
ports 
and multi 
function 
timer 
are incorporated 
in the HD6370I 
VO. It is 


bus 
compatible 
with 
HMCS6800. 
Execution 
time 
of key instruc- 


tions 
are improved 
and several 
new instructions 
are added 
to in- 


crease system 
throughput. 
The HD63701 VO can be expanded 
up to 


65k words. 
Like the HMCS6800 
family, 
I/O level is TTL compati- 


ble with + 5.0V single power supply. 
As HD6370I 
VO is fabricated 


by the advanced 
CMOS process 
technology, 
power dissipation 
is ex- 


tremely 
reduced. 
In addition 
to that, 
HD63701 VO has Sleep Mode 


and 
Standby 
Mode 
at lower 
power 
dissipation 
mode. 
Therefore 


flexible 
low power consumption 
application 
is possible. 
On chip 
EPROM 
can be programmed 
by the same procedure 


as that 
of 27C256 
or 27256. 


• 
FEATURES 


• 
Instruction 
Set Compatible 
with HD6301 
Family 


• 
Abundant 
On-Chip 
Functions 


4kB EPROM, 192 Bytes RAM, 29 Parallel I/O lines, 
2 lines 
of 


Data Strobe, 
16-bit 
Timer, Serial Communication 
Interface 


• 
Low Power 
Consumption 
Mode: Sleep Mode, Standby 
Mode 


• 
Minimum 
Instruction 
Execution 
Time 


1p.s (f= 1MHz), 0.67p.s (f= 1.5MHzl. 0.5p.s (f= 2MHz! 
• 
Bit Manipulation, 
Bit Test Instruction 
• 
Protection 
from System 
Upset: 
Address 
Trap, Op-Code 
Trap 


• 
Up to 65k Words 
Address 
Space 
• 
Wide Operation 
Range 
Vcc=5V±10%(f=0.1 
t02.0MHz! 


• 
TYPE OF PRODUCTS 


Type 
No. 


HD63701VO 
HD637A01VO 


HD637B01V0 


Bus Timing 


1.0MHz 


1.5MHz 
2.0MHz 


Vss 


XTAL 
2 


EXTAL 
3 


NMI 
• 
IRQ, 
RES 
STBY 
P,o 
P" 
P" 
P'3 
P" 
P,O 
Pll 
P12 
P13 
P" 
P15 
P,. 
P17 
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~ 
.[' ~ -.----- 
EPROM 
MODE 


I 


> 
~« 
-;.<: 
~ ~l:l~~ ~Pffi 
(/»> 
xwwlZera: 
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HD63701 XO,HD637 A01 XO, 
HD637B01XO 
CMOS MCU (Microcomputer Unit) 


-PRELIMINARY- 
The HD6370lXO 
is a high performance 8-bit CMOS single 


chip microcomputer 
unit 
(MCU) 
which, including 
4k bytes of 


EPROM, is pin compatible with the HD630IXO. 


The HD6370lXO 
contains 4k bytes of EPROM, 
192 bytes of 


RAM, 
serial communication 
interface and 53 parallel 110 pins ill 


addition 
to CPU. It includes functions of halt, memory 
ready, 
low speed accessand releasing external bus at system expansion. 
The HD63701 XO is available in a hermetically sealed 64-pin 


shrunk ceramic package which includes a window that allows for 
EPROM erasure and in a 64-pin shrunk plastic package which is 
one-time-programmable 
type. It can be programmed in the same 


method as 2732A type EPROM. 


• 
FEATURES 
• 
Instruction Set Compatible with the HD6301 XO 


• 
4k Bytes of EPROM (compatible with 2732A type) 


• 
192 Bytes of RAM 
• 
53 Parallel I/O Pins 
24 I/O Common Pins (Port 2, 3, 6) 
21 Output Pins (Port1, 4, 7) 
B Input Pins (Port 5) 
• 
Driving Darlington Transistor (Port 2, 6) 


• 
16-bit Programmable Timer 
Input Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 


• 
B-bit Reloadable Timer 
External Event Count 
Square Wave Occurrence 
• 
Serial Communication Interface (SCIl 
Asynchronous Mode/Clock Synchronous Mode 
3 Transfer Formats (Asynchronous Mode) 
6 Clock Sources 
• 
Memory Ready for Low Speed Memory Access 


• 
Halt 
• 
Error-Detection (Address Error, Op-code Error) 


• 
Interrupts - 
3 External. 7 Internal 


• 
Operation Mode 


~ 


Mode 1- 
Expanded 


MCU M d 
(Internal ROM Inhibited) 


o e 
Mode 2 _ Expanded (Internal ROM Valid) 
Mode 3 - 
Single-chip Mode 


EPROM Mode 
• 
Up to 65k Bytes of Address Space 
• 
Low Power Dissipation Mode 
Sleep 
Standby 
• 
Minimum Instruction Execution Time - 
0.5!!s (f=2.0MHzl 


• 
Wide 
Operation 
Range 


[ 


f=0.1 
to 1.0MHz; HD63701XO 


Vcc=5V±10% 
f=0.1 
to 1.5MHz; HD637A01XO 


f=0.1 
to 2.0MHz; HD637B01XO 


(DC-64S) 


HD63701XOP, HD637A01XOP, 
HD637B01XOP 
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Pso(~) 


Ps,(lRQ21 


PS2(MR) 


Ps](HALT) 


P,. 


P" 


P" 
eEl 
PO' 


Poo 


P" 
P" 


P" 


P" 


P" 
P•• 


P" 


. 
"8 
Vcc----~ 
~ 
Vss---_~ 


::Eo 
'"ill 


1 


P2o(Tin) 


P"IToutll 


P22(SCLKI 


P23(Rx) 


P2.(Tx) 


P2s(Tout2l 


P2e(Tout31 


P21(TCLK) 


P,o/A'D 
PlItWR 


P"/R!W 
Pn/D'R' 


P7./BA 


P.JO/Do/EOo 


P]I/D,/EO, 
Pu/O:r/EO:r 
P3J/03/EO, 
P,./O./EO. 


P35/0s/EO, 
P,,/O,/Eo, 


P37/0,/Eo, 


P,o/Ao/EAo 


PII/Al/EAI 


P12/A:r/EA:r 
Pu/A,/EA3 


PI./A./EA4 


P,s/As/EAs 
PII/Ae/EA, 


PI7/A,/EA, 


P40/A, /EAt 


P.I/A, 
/EA, 


P.:r/Alo/EA,o 
PU/AII/EAIl 


P•.•/A12 
P.,/AI3 
P.,/A,. 
PU/A15 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vee 
-0.3-+7.0 
V 


Program Voltage 
Vpp 
-0.3- 
22 
V 


Input Voltage 
Vin 
-0.3- 
Vee+0.3 
V 


Operating 
Temperature 
Topr 
0-+70 
°c 


Storage Temperature 
Tstg 
-55 - 
+125 
°c 


(Note) 
This product 
has protection 
circuits in input terminal 
from high static electricity 
voltage and high electric field. But be careful not to apply 
overvoltage more than maximum 
ratings to these high input impedance protection 
circuits. To assure the normal operation, 
we recommend 


Vin, Vout: VSS" 
(Vin or Vout~ 
VCC· 


• 
MCU 
ELECTRICAL 
CHARACTERISTICS 
• 
DC 
CHARACTERISTICS 
(Vee =5V±10%, 
Vss = Vpp =OV, Ta= 0 - 
+70°C, unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


RES,STBY,MPo,MP, 
Vee-0.5 
- 


Input 
"High" 
Voltage 


EXTAL 
VeexO.7 
- 


P22 (SCLK)*** 
VIH 
Vee+O·3 
V 
2.4 
- 


Other 
Inputs 
2.2 


Input 
"Low" 
Voltage 
All 
Inputs 
V1L 
-0.3 
- 
0.8 
V 


Input 
Leakage Current 
NMl, FITS, STBY, 
Ilinl 
Vin=0.5 
- 
Vee-0.5V 
- 
1.0 
p.A 
MPo 
MP, 
Port 5 
- 


Three State (off·state) 
Ports 1,2,3,4,6,7 
IITSII 
Vin=0.5 
- 
Vee-0.5V 
1.0 
p.A 
Leakage Current 
- 
- 


Output 
"High" 
Voltage 
All Outputs 
VOH 
IOH=-20Op.A 
2.4 
- 
- 
V 


IOH=-10p.A 
Vee-0.7 
- 
- 
V 


Output 
"Low" 
Voltage 


Ports 2, 6 
IOL =1.6mA 
- 
- 
0.5 
V 


Other Outputs 
VOL 
V 
- 
- 
0.4 


Darl ington 
Drive Current 
Ports 2, 6 
-IOH 
Vout=1.5V 
1.0 
- 
10.0 
mA 


All 
Inputs 
(Except 
Vin=OV, f=lMHz, 
12.5 
pF 
Input 
Capacitance 
Vpp fOE) 
Cin 
- 
- 


Vpp fCl£ 
Ta=25°C 
- 
- 
25 
pF 


Standby 
Current 
Non Operation 
ISTB 
- 
3.0 
15.0 
p.A 


Sleeping (f=lMHz**) 
- 
1.5 
3.0 
mA 


ISLP 
Sleeping (f=1.5MHz**j 
- 
2.3 
4.5 
mA 


CUI,'ent Dissipation* 


Sleeping (f=2MHz**) 
- 
3.0 
6.0 
mA 


Operating 
(f=lMHz**) 
- 
7.0 
10.0 
mA 


Ice 
Operating 
(f=1.5MHz**) 
- 
10.5 
15.0 
mA 


Operating 
(f=2MHz * *) 
- 
14.0 
20.0 
mA 


RAM Standby 
Voltage 
VRAM 
2.0 
- 
- 
V 


·VIH 
min = vcc-1.OV, 
VIL max = a.BV (All output 
terminals are at no load'> 


··Current 
Dissipation of the operating or sleeping condition 
is proportional 
to the operating 
frequency. 
So the typo or max. values about Current 


Dissipations at x MHz operation 
are decided according to the following 
formula; 


lVp. value (f = x MHz) = tvP. value (f = 1MHz) x x 
max. value (f: 
X MHzl: 
max. value (f::: 1MHz) 
x x 


--·Synchronous 
clock input use only. 
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Test 
HD63701 XO 
HD637A01XO 
HD637B01XO 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Cycle Time 
tcyc 
1 
- 
10 
0.666 
- 
10 
0.5 
- 
10 
/.lS 


Enable Rise Time 
tE' 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Fall Time 
tEt 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Enable Pulse Width 
"High" 
Level' 
PWEH 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Enable Pulse Width 
"Low" 
Level' 
PWEL 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


Address, 
RiWDelay 
Time' 
tAD 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Data Delay Time 
I Write 
tDDW 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 


Data Set·up Time 
I Read 
tDSA 
80 
- 
- 
70 
- 
- 
70 
- 
- 
ns 
Fig. 1 


Address, 
RfW Hold Time' 
tAH 
70 
- 
- 
45 
- 
- 
30 
- 
- 
ns 
I Write' 
tHW 
70 
- 
- 
50 
- 
- 
35 
- 
- 
ns 
Data Hold Time 
I Read 
tHA 
0 
- 
- 
0 
- 
- 
0 
- 
- 
ns 


RD, WR Pulse Width' 
PWAW 
450 
- 
- 
300 
- 
- 
220 
- 
- 
ns 


RD, WR Delay Time 
tAWD 
- 
- 
40 
- 
- 
40 
- 
- 
40 
ns 


RD, WR Hold Time 
tHAw 
- 
- 
30 
- 
- 
30 
- 
- 
25 
ns 


Lffi 
Delay Time 
tOLA 
- 
- 
200 
- 
- 
160 
- 
- 
120 
ns 
em Hold Time 
tHLA 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


MR Set·up Time' 
tSMA 
400 
- 
- 
280 
- 
- 
230 
- 
- 
ns 


MR Hold Time' 
tHMA 
Fig.2 
- 
- 
90 
- 
- 
40 
- 
- 
0 
ns 


E Clock Pulse Width 
at MR 
PWEMA 
- 
- 
9 
- 
- 
9 
- 
- 
9 
/.lS 


Processor Control 
Set·up Time 
tpcs 
Fig. 3, 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
10,11 


Processor Control 
Rise Time 
tpcr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


Processor Control 
Fall Time 
Fig. 2, 3 
100 
100 
100 
tpCf 
- 
- 
- 
- 
- 
- 
ns 


BA Delay Time 
teA 
Fig.3 
- 
- 
250 
- 
- 
190 
- 
- 
160 
ns 


Oscillator 
Stabilization 
Time 
tAC 
Fig.11 
20 
- 
- 
20 
- 
- 
20 
- 
- 
ms 


Reset Pulse Width 
PWAST 
3 
- 
- 
3 
- 
- 
3 
- 
- 
tcyc 


Item 
Symbol 
Test 
HD63701XO 
HD637A01XO 
HD637B01XO 


Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Peripheral 
Data 
Ports 2, 3, 5, 6 
tpDSU 
Fig. 5 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Set·up Time 


Peripheral 
Data 
Ports 2, 3, 5, 6 
tpDH 
Fig.5 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Hold Time 


Delay Time (Enable 
I Ports 1 2 


Fig. 6 
positive 
Transition 
to 
3 
4 6 '7 ' 
tpWED 
- 
- 
800 
- 
- 
630 
- 
- 
550 
ns 
Peripheral 
Data Valid) 
'" 
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Test 
HD63701 XO 
HD637A01XO 
HD637B01XO 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Timer 
1 Input 
Pulse Width 
tpWT 
Fig.8 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Delay Time (Enable Positive 
tTOD 
Fig.7 
- 
- 
400 
- 
- 
400 
- 
- 
400 
ns 
Transition 
to Timer Output) 


SCI Input 
I 
Async. Mode 
Fig.8 
1.0 
- 
- 
1.0 
- 
- 
1.0 
- 
- 
tcyc 
Clock Cycle 
I 
Clock Sync. 


tScyc 
Fig. 4, 8 
2.0 
- 
- 
2.0 
- 
2.0 
tcyc 
_. 
- 
- 


SCI Transmit 
Data Delay 
tTXD 
- 
- 
200 
- 
- 
200 
- 
- 
200 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Set-up 
tSRX 
Fig.4 
290 
- 
- 
290 
- 
- 
290 
- 
- 
ns 
Time (Clock Sync. Mode) 


SCI Receive Data Hold Time 
100 
100 
100 
(Clock Sync. Model 
tHRX 
- 
- 
- 
- 
- 
- 
ns 


SCI Input 
Clock Pulse Width 
tPWSCK 
0.4 
- 
0.6 
0.4 
- 
0.6 
0.4 
- 
0.6 
tscyc 


Timer 2 Input Clock Cycle 
ttCyc 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
tcyc 


Timer 2 Input 
Clock Pulse 
tpwTCK 
200 
- 
- 
200 
- 
- 
200 
- 
- 
ns 
Width 
Fig.8 


Timer 
1'2, SCI Input Clock 
tCKr 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Rise Time 


Timer 
1'2, SCI Input Clock 
tCKf 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 
Fall Time 


PWlH 


I" 
I•• 


Ao-A1s. 
RW 


PW"w 


2 4V 
RD.WA 
o 8v 


loow 
l.w 


MCUWrlle 
24V 


Do-OJ 
o8v 
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\ 
\ 
\'----- 


Last Instruction 
Execution Cvcle 
I 
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I MCUWrite 


P20-P27 
P50- P., 
2.2V 
Poo- Po, O.8V 
(Inputs) 
P30- P37 
(Inputs) 


P,O- P17, P20- P27 
P30-P3', 
P40-P., 
POo-Po" 
P,o-P" 


(Outputs) 


P21, 
P2' 
Outputs -------- 


:;J-h=====r 
•• 
kl(f 


• Timer 2; ttcyc 
•• Timer 1; tPWT 


SCI 
; tScyc 
Timer 
2; tPWTCK 
SCI 
;tPWSCK 


Vcc 
1Fi 


RL=2.2kQ 


Test Point 
15207418> 


C 
R 
or Equiv. 


C=90pF 
for Port I, Port 3, Port 4, E 


= 30pF for Port 2, Port 6, Port 7 


R=12kQ 
for Portl-Port4, 
Port 6, Port 7, E 
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Op Code Op Code 
FFFF 
SP 
SP-' 
SP-2 
SP-3 
SP-4 
SP-5 
SP·6 
eeto< 
Vector 
New 
Address 
Address + , 
MSB 
lSB 
PC 


Address 
Address 
Address 
,,,,. 


Op 
Operand 
Irr.I ••••ant 
PCO- 
~~V5 
IXO- 
:~V5 
ACCA 
ACCS 
CCR 
Vector 
V.ctor 
First Inst. 
of 


Cod. 
Op Cod. 
Data 
PC] 
IX] 
MSB 
lSB 
Int.rrupt 
Routine 


~,•.""-)\%\\\\\\\\\\\\\\\\\\ 


~..".._~\\\\\\\\\\\\\\\\\\\\ 


JIll .M\\I\I%II\\t\\lJt, 


•••-:~\111\\\\§~\~~\\. 


1~~1 


'~tn:::>-<~I 
11::Tt:::f;~JJ 


O-O--O:-">----i>-' ----- 


PCB 
pca 
Fltsl 
PC15 
PC7 
Instruction 
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• 
EPROM 
PROGRAMMING 
ELECTRICAL 
CHARACTERISTICS 


• 
DC 
CHARACTERISTICS 
(Vcc=5V±10%,Vpp=21V±O.5V, 
VSS=OV, Ta=25°C±5°C, 
unless 
otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Program 
Voltage 
Vpp 
20.5 
21 
21.5 
V 


Program 
Current 
Ipp 
Vpp=21V 
- 
- 
30 
mA 


Input 
Leakage 
Current 
III 
Vin=5.25V 
/O.4V 
- 
- 
10 
I1A 


Input 
"Low" 
Voltage 
V1l 
-0.1 
- 
0.6 
V 


Input 
"High" 
Voltage 
V1H 
2.2 
- 
Vcc+1.O 
V 


Output 
"Low" 
Voltage 
VOL 
IOl =1.6mA 
- 
- 
0.4 
V 


Output 
"High" 
Voltage 
VOH 
IOH =- 200 I1A 
2.4 
- 
- 
V 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Address 
Set-up 
Time 
tAS 
2 
- 
- 
I1s 


Address 
Hold 
Time 
tAH 
0 
- 
- 
I1s 


OE Set-up 
Time 
tOES 
2 
- 
- 
I1S 
m: Hold 
Time 
tOEH 
2 
- 
- 
I1s 


Data Set-up 
Time 
tos 
2 
- 
- 
I1S 


Data Hold 
Time 
tOH 
2 
- 
- 
I1S 


Output 
Disable 
Delay Time 
tOF 
0 
- 
130 
ns 


Data Valid from ct 
tov 
cr=VIL, 
QE=VIL 
- 
- 
1 
I1S 


C£ Pulse Width 
tpw 
45 
50 
55 
ms 


Of Pulse 
Rise Time 
tpRT 
50 
- 
- 
ns 


Vpp Recovery 
Time 
tVR 
2 
- 
- 
I1S 
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• 
Reset (RES) 
This pin is used to reset the MCU's internal state and provide 


a startup procedure. During power up, RES pin must be held 
below "Low" level for more than 20 ms. 


The CPU registers (accumulator, index register, stack pointer, 


condition code register except for interrupt mask bit), RAM and 
data registers of ports are not initialized during reset, so their 
contents are unknown in a startup procedure. 


To reset the MCU during operation, 
RES should be held 


"Low" for at least 3 system-clock cycles. At the 3rd cycle, all the 
address buses become "High". 
When RES remains "Low", 
the 
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• 
FUNCTIONAL PIN DESCRIPTION 


• vcc. vss 
Vcc and Vss provide power to the MCU with 5V± 10% sup- 


ply. Vss pin should be tied to ground. 


• 
XTAL.EXTAL 
These two pins interface a crystal (an AT-cut type). Divide- 


by-four circuit is on chip. When 4MHz crystal is used, the system 
clock is IMHz for example. 
EXTAL pin may be driven with an external clock of 45 to 


55% duty, and one fourth frequency of the external clock is pro- 
duced in the LSI. The external clock frequency should be less 


AT Cut Parallel Resonant Crystal Oscillator 
Co=7pF 
max 
Rs=60Q 
max 


Cl,=Cl2 
= 10pF - 22pF±20% 


(3.2 - BMH21 


-1C12J,.Cl' 


XTAL~ 
N.C. 


EXTAL 
External Clock 


than four times of the maximum frequency. When using the ex- 
ternal clock, XTAL pin should be open. Fig. 13 shows an exam- 
ple of connection circuit. The crystal and CLl, 
CL2 should be 


mounted as close as possible to XTAL and EXTAL pins. Any 
line must not cross the line between the crystal and XTAL, EX- 
TAL. 


• 
STIIV 
This pin is used for standby mode or EPROM mode. 
In standby mode, the oscillation may be stopped. To retain 


the contents of RAM at standby, "0" 
should be written into 


RAM enable bit (RAMW). RAME is the bit 6 of the RAM/port 
5 control register at $0014. RAM is disabled by this operation 
and its contents is sustained. Refer to "LOW POWER DISSIPA- 
TION MODE" for standby mode. 


When this pin and Mode Program pins, MP. and MP" are 


"Low" 
level, the MCU is in EPROM mode. Refer to "PRO- 


GRAMMING THE EPROM" for details. 


address buses keep "High". 
If RES turns "High", 
the MCU re- 
start sequence is: 
(I) 
Latch the value of the mode program pins: MP. and MP,. 


(2) Initialize each internal register (refer to Table 5). 
(3) Set the interrupt mask bit. For the CPU to recognize the 


maskable interrupts IRQ" IRQ, and IRQ" this bit should be 
cleared in advance. 
(4) Put the contents (=start 
address) of the last two addresses 


($FFFE, 
$FFFF) 
into the program coun·ter and start the 


program from this address. (Refer to Table I). 


* 
The MCU is unable to accept a reset input until the clock be- 


comes normal oscillation after power on (max. 20ms). During 
this transient time, the MCU and 110 pins are undefined. Please 
be aware of this for system designing. 


• 
Enable (E) 
This pin provides a TTL-compatible clock used for bus syn- 
chronization. Its frequency is one fourth that of the internal oscil- 
lator or external clock. This pin can drive one TTL load and 
90pF capacitance. 


• 
Non-Maskable 
Interrupt 
(NMIl 
When the negative edge of the input signal is detected at this 


pin, the CPU will begin a non-maskable interrupt sequence. But 
the current instruction will be completed before it responds to 
the request. The interrupt mask bit of the condition code register 
doesn't affect non-maskable interrupt at all. 
When the interrupt occurs, the contents of the program coun- 
ter, the index register, the accumulators and the condition code 
register will be pushed onto the stack. Upon completion of this 
sequence, a vector is fetched from $FFFC and $FFFD, transfer- 
red their contents to the program counter and the non-maskable 
interrupt 
service routine 
starts. After reset, the stack pointer 


should be initialized on an appropriate memory area before NMT 
input. 


• 
Interrupt Request 
(lRQ,_ IRQ,) 
These are level-sensitive pins which request an internal inter- 


rupt sequence. At interrupt request, the CPU will complete the 
current instruction before it responds to the request. If the inter- 
rupt mask in the condition code register is clear, the CPU will 
begin an interrupt sequence; if set, the interrupt request will be 
ignored. When the sequence starts, the contents of the program 
counter, the index register, the accumulators and the condition 
code register will be pushed onto the stack, then the interrupt 
mask bit will be set and inhibits all maskable interrupt. Finally, a 
vector is fetched from an address depicted in Table I and trans- 
ferred to the program counter, and instruction execution is re- 
sumed. 


The external interrupt pins, IRQ, and IRQ, are also used for 


port pins P" and PSI' so it is controlled by Bit 0 and I of the 
RAM/port 5 control register at $0014. Refer to "RAM/PORT 
5 


CONTROL REGISTER" for details. 


One of the internal interrupts, ICI, OCI, TO!, CMI or SIO 


can generate an internal interrupt (IRQ,). IRQ, function is just 
the same as IRQ, or IRQ, except the vector address. Fig. 14 
shows the block diagram of the interrupt circuit. 


• 
Mode Program (MPo_MP,) 
These two pins decide the operation mode. Refer to "MODE 


SELECTION" for more details. 


Vector 
Priority 
MSB 
LSB 
Interrupt 


Highest 
FFFE 
FFFF 
RES 


FFEE 
FFEF 
TRAP 


FFFC 
FFFD 
NMI 


FFFA 
FFFB 
SWI (Software 
Interrupt) 


FFF8 
FFF9 
IRQ! 


FFF6 
FFF7 
ICI 
(Timer 
1 Input Capture) 


FFF4 
FFF5 
OCI 
(Timer 
1 Output 
Compare 
1. 2) 


FFF2 
FFFJ 
TOI 
(Timer 
1 Overflow) 


FFEC 
FFED 
CM I (Timer 2 Counter 
Match) 


FFEA 
FFEB 
IRQ, 


Lowest 
FFFO 
FFFI 
SIO 
(RDRF+ORFE+TDRE) 


Each Status 
Register's 
Interrupt 
Enable Flag 
"1"; Enable. "0"; Disable 


Condition 
Code 
Register 
I-MASK 
"O";Enable 
"l";Disabl 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 
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The 
following 
signal 
descriptions 
are 
applied 
only 
for 
ex- 


panded 
mode. 


• 
Read/Write 
IR!W; 
P,.) 


This 
signal, 
usually 
in read 
state 
("High"), 
shows 
whether 


the 
MCU 
is in read 
("High") 
or write 
("Low") 
state. 
This 
can 


drive 
one TTL load and 30pF capacitance. 


• 
RD. WR (P,o. 
P71) 


These 
outputs 
will turn 
"Low" 
when 
the CPU 
read/write 
op- 


eration 
is completed. 
This enables 
the CPU 
easy to access the pe- 


ripheral 
LSI with 
RD 
and 
WR 
input 
pins. 
These 
pins 
can drive 


one TTL load and 30pF capacitance. 


• 
Load 
Instruction 
Register 
([fR; 
P'3) 


This 
is output 
for the instruction 
opecode 
on data 
bus 
(active 


low). This pin can drive one TTL load and 30pF capacitance. 


• 
Memory 
Ready 
(MR; P5,) 
This 
input 
is used 
to stretch 
the system 
clock's 
"High" 
period 


in order 
to access 
low-speed 
memories. 
During 
this signal 
being 
in "High", 
the system 
clock operates 
in normal 
sequence. 
But in 


"Low", 
the 
"High" 
period 
of the system 
clock will be stretched 
in integral 
multiples 
of the cycle time. This allows the CPU 
to in- 


terface 
with 
low-speed 
memories 
(See Fig. 2). Up to 9/-'s can be 


stretched. 


During 
internal 
address 
access 
or 
non valid 
memory 
access, 
MR 
is 
prohibited 
internally 
to 
prevent 
decrease 
of 
operation 


speed. 
Even 
in the halt state, 
MR can also stretch 
"High" 
period 


of system 
clock 
to allow 
peripheral 
devices 
to access 
low-speed 
memories. 
As this pin is used 
also for P." 
an enable 
bit is pro- 


vided 
at bit 2 of the RAM/port 
5 control 
register 
at $0014. 
Refer 


to "RAM/PORT 
5 CONTROL 
REGISTER" 
for more 
details. 


• 
Halt 
(HALT; 
P 53) 
This 
input 
is used 
to stop 
instruction 
execution 
or to release 
buses 
free. 
When 
this 
signal 
turns 
"Low", 
the 
CPU 
will be in 


the halt state 
after completing 
the current 
instruction. 
During 
the" 


halt state, 
BA (P.u? is in "High", 
and an address 
bus, 
data 
bus, 
RD, 
WR and 
R/W 
are high impedance. 
When 
an interrupt 
is re- 


quested 
in the 
halt state, 
the 
CPU 
responds 
to the 
interrupt 
re- 


quest 
after the halt is cancelled. 


(Note) 
When 
the CPU 
is interrupt 
wait state 
in WAI 
instruction 


execution, 
HALT 
should 
be held "High". 
If HALT 
turns 


"Low", 
the CPU 
may malfunction 
after releasing 
the halt 


state. 
Refer 
to "APPLICATION 
NOTES" 
for details. 


• 
Bus Available 
(BA; PH) 


This 
output 
is normally 
"Low" 
but 
"High" 
when 
the 
CPU 


accepts 
HALT 
and releases 
the buses. 
The 
HD6800 
and HD6802 


make 
BA "High" 
and release 
the buses 
at WAI execution, 
while 


the 
HD63701XO 
doesn't 
make 
BA "High" 
under 
the same 
con- 
dition. 


The 
following 
pin 
functions 
are 
applied 
only 
in 
EPROM 


mode. 
Refer 
to 
"THE 
EPROM 
PROGRAMMING" 
for 
details 


of EPROM 
mode. 


• 
Chip 
Enable 
(CE; P.,) 


This 
pin is input 
for programming 
and verifying 
the EPROM. 
When 
this pin is "Low" 
level, 
EPROM 
will be enable. 
The 
EPROM 
can 
not 
be programmed 
or verified 
in "High" 
level. 


• 
Program 
Voltage/Output 
Enable 
(V•• /OE) 


This 
pin is used 
for program 
voltage 
and data 
output 
control 


in verification. 


Data 
from 
Port 
3 (EO. 
to EO,) 
can 
be programmed 
into 
the 


EPROM 
when 
applying 
2IV±0.5V 
to Vpp and 
holding 
CE 
in 


"Low" 
level. 
The 
EPROM 
address 
is provided 
to 
Port 
I and 


Port 4 (EA. 
to EAIl). 
In verification, 
the EPROM 
data is output 
from 
Port 
3 
(EO. 
to 
EO,) 
when 
this 
pin 
is "Low" 
level. 
In 
"High" 
level, 
Port 3 will be high-impedance. 
In MCU 
mode, 
this 


pin should 
be connected 
to Vss' 


• 
PORT 
The 
HD6370lXO 
has six 8-bit ports 
and a 5-bit port. 
Table 
2 
gives 
the address 
of ports and the data direction 
register 
and Fig. 


15 the block diagrams 
of each port. 


Port 
Port 
Address 
Data 
Direction 
Register 


Port 
1 
$0002 
- 


Port 2 
$0003 
$0001 


Port 
3 
$0006 
$0004 


Port 4 
$0007 
- 


Port 
5 
$0015 
- 


Port 
6 
$0017 
$0016 


Port 
7 
$0018 
- 


• 
Port 
1 
In 
MCU 
mode, 
port 
I is used 
for an 
8-bit 
output 
port. 
In 


mode 
3, port 
I is high 
impedance 
during 
reset, 
and 
keeps 
the 
state 
even 
after 
reset 
is released. 
When 
the 
CPU 
writes 
on 
the 
port 
I data 
register, 
the 
written 
data 
will appear 
at Port 
I. Once 


port 
I gets in the output 
state, 
it operates 
as an output 
till reset. 


The 
CPU 
can read 
the Port 
I data 
register 
for the 
bit manipula- 


tion instruction. 


In mode 
I and 2, port 
I is used 
for lower address 
buses. 
This 
port can drive one TTL load and 90pF capacitance. 
In EPROM 
mode, 
port 
I is lower 
address 
bus 
(EA. 
to EA,) 
for the EPROM. 


• 
Port 
2 


An 8-bit 
input/output 
port. 
Its I/O state 
depends 
on the data 


direction 
register 
(DDR) 
of port 2 which 
provides 
two bits; bit 0 


decides 
the I/O direction 
of p,. and bit I the I/O direction 
of P" 


to P" 
("0" 
for input, 
"I" 
for output). 


Port 
2 is also used 
for the timers 
and the SCI. When 
used 
for 


the 
timers 
and 
the 
SCI, 
P" 
to P" 
are decided 
I/O 
regardless 
of 


the DDR 
(except 
for p,.). 


The 
DDR 
of port 2 is cleared 
at reset and port 2 is configured 


as an input. 
This 
port can drive 
one TTL 
and 
30pF. 
In addition, 


it is capable 
of sinking 
ImA 
current 
at Vout= 
1.5V to drive 
di- 
rectly the base of Darlington 
transistors. 


• 
Port 
3 


An 
8-bit 
I/O 
port. 
I/O 
state 
depends 
on the 
DDR 
of Port 
3 
which 
has only one bit ("0" 
for input 
and 
"I" 
for output). 
It is 
cleared 
at reset. 
In mode 
I and 
2, port 
3 is used 
for data 
bus. 


This port can drive one TTL load and 90pF capacitance. 


Port 
3 is 
used 
for 
data 
bus 
(EO. 
to 
EO,) 
of 
EPROM 
in 
EPROM 
mode. 
In this case, 
I/O state 
of Port 3 is selected 
by rn:: 


but not the DDR. 
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• 
Port 
4 
In MCU 
mode, 
port 
4 is used 
for an 
8-bit 
output 
port 
like 


Port 
1. In mode 
I and 2, it is used 
for upper 
address 
bus. 


In EPROM 
mode, 
p•• to P" 
are used 
for upper 
address 
bus 


(EA. 
to EAIl) 
of EPROM. 


• 
Port 
5 
An 
8-bit 
input 
port. 
The 
lower 
4 bits are 
used 
for interrupt, 


MR, HALT, 
and P" 
is cr for the EPROM 
control. 


• 
Port 
6 
An 
8-bit 
I/O 
port. 
This 
port 
is programmable 
as either 
input 


or output 
under 
software 
control 
of the corresponding 
the 
DDR 


("0" 
for input, 
"I" 
for output). 
This 
port 
can 
drive 
one 
TTL 


load and 
30pF. 
The 
DDR 
of port 
6 is cleared 
at reset. 
In addi- 


tion, 
it is capable 
to sinking 
ImA 
current 
at Vout= 
1.5V to drive 


directly 
the base of Darlington 
transistors. 


• 
Port 
7 
A 5-bit output 
port. In mode 
3, port 7 is high impedance 
dur- 


ing reset 
and 
keeps 
the state 
even 
after 
reset 
is released. 
When 


the CPU 
writes 
on the port 
7 data 
register, 
the written 
data 
will 


appear 
at Port 
7. Once 
port 7 gets in the output 
state, 
it operates 


as an output 
till reset. 
The CPU 
can read the data register 
for the 


bit manipulation 
instruction. 
In this case b, to b5 are" 
I ". 
In mode 
I and 2, port 7 is used for control 
signals 
<RD, WR, 
RIW, DR and BA). This port can drive one TTL load and 30pF. 


• 
RAM/PORT 
5 CONTROL 
REGISTER 


The 
control 
register 
located 
at $0014 
controls 
on-chip 
RAM 


and port 5. 


Bit 0, Bit 1 
iRQ,. IRQ2 Enable 
Bit URQ,E, IRQ2EI 


When 
using 
Pso and 
PSI for interrupt 
pins, 
write "I" 
in these 


bits. When 
"0", 
the CPU 
doesn't 
accept 
an external 
interrupt 
or 


a sleep 
cancellation 
by 
the 
external 
interrupt. 
These 
bits 
are 


cleared 
at reset. 


Bit 2 
Memory 
Ready 
Enable 
Bit (MREI 


When 
using 
P52 for an input 
for Memory 
Ready 
signal, 
write 


"I" 
in 
this 
bit. 
When 
"0", 
the 
memory 
ready 
function 
is 


prohibited 
and 
P" 
is for 
port. 
In 
mode 
3, 
the 
memory 
ready 


function 
is prohibited 
regardless 
of the value 
of this bit. This 
bit 


Bit 3 
Halt Enable 
Bit (HI.TEl 
When 
using 
P" 
for an input 
for Halt signal, 
write 
"I" 
in this 


bit. When 
"0", 
the 
halt 
function 
is prohibited. 
In mode 
3, the 
halt function 
is prohibited 
regardless 
of the value 
of this bit. This 


bit is set at reset. 


(Note) 
When 
using 
P" 
and P" 
for port in mode 
I and 
2, MRE 
and MLTE 
must 
be cleared 
after reset. 
If P" 
or P" 
turns 
"Low" 
before 
MRE 
and HLTE 
are cleared, 
the 
memory 


ready function 
or the halt function 
will not be prohibited. 


Bit 6 
RAM Enable 
(RAMEl 
The 
RAM 
is controlled 
by this 
bit. It is set at reset 
and 
the 


RAM 
is enabled. 
This 
bit is programmable 
by software. 
When 


the 
RAM 
is disabled 
(=Iogic 
"0"), 
the CPU 
can access 
an ex- 


ternal 
memory. 
This 
bit should 
be cleared 
at the 
beginning 
of 


standby 
mode 
to protect 
the RAM 
data. 


Bit 7 
Standby 
Power 
Bit (STBY PWRI 


This 
bit 
is 
cleared 
whenever 
Vcc 
decreases 
below 
VRAM 


(min). 
This 
is a read/write 
status 
bit by software. 
If this bit is set 


before 
standby 
mode, 
it indicates 
that 
Vcc 
is applied 
and 
the 


RAM 
is valid. 


• 
MODE 
SELECTION 
The 
HD6370IXO 
provides 
two 
fundamental 
modes, 
MCU 
mode 
and EPROM 
mode. 
MCU 
mode 
is grouped 
into three; 
two 


expanded 
modes 
(mode 
I, 
mode 
2) 
and 
a single 
chip 
mode 
(mode 
3). 
These 
operating 
modes 
are selectable 
by mode 
program 
pins, 


MPo and MP •• and standby 
pin, STBY as shown 
in Table 
3. 


• 
Mode 
1 (Expanded 
Model 
In this mode, 
Port 
3 is data 
bus, 
Port 
I is lower 
address 
bus 


and 
Port 4 is upper 
address 
bus to interface 
with the HMCS6800 


buses. 
Port 
7 is used 
for control 
signal such 
as R/W. 
In mode 
I, 
the EPROM 
is disable 
and external 
address 
space are expandable 


up to 65k bytes 
(refer to Fig. 16). 


• 
Mode 
2 (Expanded 
Model 
This 
mode 
is also 
expanded 
mode. 
But 
in mode 
2, address 


space 
is expandable 
up to 6Ik 
bytes 
and 
the 
EPROM 
is enable 


(refer 
to Fig. 17). 


• 
Mode 
3 (Single-chip 
Mode) 
In this mode, 
all ports are available 
(refer 
to Fig. 18). 


• 
EPROM 
Mode 
In 
this 
mode, 
the 
EPROM 
can 
be 
programmed. 
Refer 
to 


"PROGRAMMING 
THE 
EPROM" 
for details. 
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Mode 
MP, 
MPo 
STil? 
EPROM 
RAM 
Interrupt 
Vector 
Operation 
Mode 


1 
"L" 
"H" 
· 
E 
I (Not.') 
E 
Expanded 
Mode 


MCU Mode 
2 
"H" 
"L" 
· 
I 
I (Note') 
I 
Expanded 
Mode 


3 
"H" 
"H" 
· 
I 
I 
I 
Single-chip 
Mode 


EPROM 
Mode 
"L" 
"L" 
"L" 
I 
. 
. 
EPROM 
Programming 
Mode 


~ 


MCU Mode 
EPROM 
Mode 
Port 
Mode 1 
Mode 2 
Mode 3 


Port 1 
Address 
Bus (Ao - 
A,) 
Address 
Bus (Ao - A,) 
Output 
Port 
Address 
Bus (EAo - 
EA,) 


Port 
2 
I/O Port 
I/O Port 
I/O Port 
No use 
(Not. 3) 


Port 
3 
Data 
Bus (Do -0,) 
Data 
Bus (Do - 
0,) 
I/O Port 
Data 
Bus (EOo - 
EO,) 


Port 
4 
Address 
Bus (As - 
A,s) 
Address 
Bus (As - 
A,s) 
Output 
Port 
Address 
Bus (EAs 
-EAll) 
(Note 
1) 


Port 
5 
Input 
Port 
Input 
Port 
Input 
Port 
CE (Ps,) 
(Not. 2) 


Port 
6 
I/O Port 
I/O Port 
I/O Port 
No use 
(Note 
3) 


Port 
7 
RD, WR, RIW, L1R, BA 
RD, WR, R/W, L1R, BA 
Output 
Port 
No use (Not. 3) 


(Note 
1) 
Use only 4 pins P40 to P4:1 . P44 to Pn are not used. 
(Note 
2) 
7 pins PSG 
to PS6 
are not used. 
(Note 3) 
Unusedports should be connected to V55. 
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E 
E 


1m 
lID 


CJ 
WR 
WR 


R/;jJ 
0 
R/W 


liES 
QR 
RrS 
LlR 
SfBY 
HD63701 
XO 
STBY 
HD63701XO 
NMI 
SA 
NMi 
SA 
Port 2 
MCU 
Port 
3 
Port 
2 
MCU 
Port 3 
81/0 
Lmes 


8 
Data 
Bus 
8 I/O lines 
Timer 
1.2 
Timer 1, 2 
SCI 
8 
Data 
Bus 
SCI 
Port 
5 
Port 
1 
Port 
5 
Port 
1 
8fim;~~ 
8 Address 
Bus 
8~~~ 
8 
Address 
8us 


MR. HALT 


Port 
4 
MR. HALT 
Port 4 
Port 6 
Port 
6 
8110 
Lines 
8 Address 
Bus 
8 I/O Lines 
8 Address 
Bus 


MPo 
MP, 
STBY 


RES 
!mY 
NMi 


Port 
2 
8 I/O lines 


Timer 1. 2 SCI 
Port 5 
8 Input 
Lines 
Jlm;: illQ, 


Port 6 


8 I/O lines 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


• 
MEMORY 
MAP 
The 
MCU 
has ability 
to access 
a 65k 
byte memory 
space 
de- 
pending 
on the operating 
mode. 
A memory 
map for each operat- 


ing mode 
is shown 
in Fig. 20. The 
first 32 locations 
of each 
map 
are 
reserved 
for the 
MCU's 
internal 
register 
area, 
as shown 
in 
Table 
5. 


Address 
Registers 
AIW··· 
Initialize 
at RESET 


00 
- 
- 
- 


01 
Port 
2 Data Direction 
Register 
W 
$FC 


02" 
Port 
1 
RIW 
Undefined 


03 
Port 
2 
RIW 
Undefined 


04" 
Port 
3 Data Direction 
Register 
W 
$FE 


05 
- 
- 
- 


06" 
Port 
3 
RIW 
Undefined 


07" 
Port 
4 
RIW 
Undefined 


08 
Timer 
Control/Status 
Register 
1 
RIW 
$00 


09 
Free 
Running 
Counter 
("High") 
RIW 
$00 


OA 
Free 
Running 
Counter 
("Low") 
RIW 
$00 


08 
Output 
Compare 
Register 
1 ("High") 
RIW 
$FF 


DC 
Output 
Compare 
Register 
1 ("Low") 
RIW 
$FF 


00 
Input 
Capture 
Register 
("High") 
R 
$00 


OE 
Input 
Capture 
Register 
("Low") 
R 
$00 


OF 
Timer 
Control/Status 
Register 
2 
RIW 
$10 


10 
Rate, 
Mode Control 
Register 
RIW 
$00 


11 
Tx/Rx 
Control 
Status 
Register 
RIW 
$20 


12 
Receive 
Data 
Register 
R 
$00 


13 
Transmit 
Data 
Register 
W 
$00 


14 
RAM/Port 
5 Control 
Register 
RIW 
$7C or $FC 


15 
Port 
5 
R 
- 


16 
Port 
6 Data Direction 
Register 
W 
$00 


17 
Port 
6 
RIW 
Undefined 


18" 
Port 
7 
RIW 
Undefined 


19 
Output 
Compare 
Register 
2 ("High") 
RIW 
$FF 


lA 
Output 
Compare 
Register 
2 ("Low") 
RIW 
$FF 


18 
Timer 
Control/Status 
Register 
3 
RIW 
$20 


lC 
Time 
Constant 
Register 
W 
$FF 


10 
Timer 
2 Up Counter 
RIW 
$00 


lE 
- 
- 
- 


IF·· 
Test 
Register 
- 
- 


• External Address in Mode 1,2 . 
•• 
Test 
Register. 
Do not access to this register. 


••• 
R 
; Read Only 
Register 


W 
: Write 
Only 
Register 


A/W: 
ReadlWrite 
Register 
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Internal- 
Register 


External 
Memory 
Space 


Internal 
RAM 


External 
Memory 
Space 


• Excludes 
the following 
addresses 


which 
mey 
be used externally: 
$02. $04. $06. $07. $18. 


- Excludes 
the following 
addresse5 
which 
may 
be used externally: 


$02. $04. $06. $07. $18. 


SOOOO_1Inte~nal 


SOD 1F 
Register 
S004°.1 
Internal 
RAM 
SOOFF 


SFOO°rlll 
Internal 
EPROM 
SFFFF 


$FOOO_1 
S000 


Internal 
EPROM 


$FFFF 
$FFF 


• 
THE EPROM 
PROGRAMMING 


The HD6370lXO does not operate as the MCU in EPROM 


mode, which allows to be programmable as equivalent EPROM 
2732A type. When three pins, MP., MP, and mY should be 
held low, the MCU will be in EPROM mode as shown in Table 
3. In this mode, P30 to P31 are used for~ta 
bus, p •• to P17 al}d 


p•• to P" for address bus, and P" for CE input ~hown Fig. 19. 
Refer to "APPLICATION NOTES" for the EPROM. 


• 
Programming/Verification 
When CE pin is held low after the program voltage (Vpp) is 


applied to ~/OE 
pin, the data byte can be applied to Port 3. 


When Vpp/OE pin and CE pin are held low after programming, 
the programmed data is output from Port 3 and user can verify 
the data. 110 timing of these signals are referred to Fig. 12. 
When CE pin is returned to high, Port 3 will be tri-state and 


EPROM programming/verification will be inhibited. 
Table 6 shows the condition of the each pin is EPROM mode. 
Unused pins should be connected to GND in EPROM mode. 


• 
Eresure (applied only for the ceramic package 
with a win- 


dow) 
Erasure of EPROM begins to occur when the LSI is exposed 


to ultraviolet light (wavelength: 2537A, an integrated does of at 
least: 1.5W·sec/cm). Exposing the LSI to an ultraviolet lamp of 
1,200 IJ.W/cm' rating for 20 to 30 minutes, at a distance of about 
I inch, should be sufficient. 


(Note) If the window is stained, erasure time will be extended. 


Remove stains from the window with a solvent which 
has no influence on the package like alcohol. Don't rub 
the window hard but wipe out softly. 


(Note for the plastic package) 
It is impossible to erase the programmed 
EPROM of 


the plastic molded HD6370IXO. 
Refer to "APPLICA- 
TION NOTES" for the plastic package. 


~ 


Vcc 
Vss 
Vpp/OE 
CE 
P30 to P37 
PIOto PI7 
MPo, MP" STIiY 
Other pins 
P40 to P43 
No. 
43 to 50 


Mode 
33 
1 
42 
24 
51 to 58 
38 to 41 
4,5,7 


Programming 
+5 
GND 
Vpp 
"L" 
Data input 
Address input 
"L" 
GND 


Verification 
+5 
GND 
"L" 
"L" 
Data output 
Address input 
"L" 
GND 


Inhibition of 
+5 
GND 
Don't care 
"H" 
High 
Don't 
care 
program ming/verification 
impedance 
"L" 
GND 


• 
TIMER 
1 
The HD63701XO has a 16-bit programmable Iimer which can 


simultaneously 
measure an input waveform and generate two 


independent 
output 
waveforms. The pulse width can vary from 
several microseconds to many seconds. 
Timer I is configurated as follows (refer to Fig. 22). 
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Bit 0 
OE 1 
Output 
Enable 
1 
If this 
bit 
is set, 
the 
OLVLl 
will appear 
at Port 
21 


when 
a match 
is found 
between 
the FCR 
and the OCR 1. 


When 
it is cleared, 
Port 
21 will be I/O port. 
When 
set, 
it 


will be an output 
of OLVLl 
automatically. 


Bit 1 
OE2 
Output 
Enable 
2 
If this 
bit 
is set, 
the 
OL VL2 
will appear 
at Port 
25 


when 
a match 
between 
the 
FCR 
and 
the 
OCR2. 
When 


this bit is cleared, 
Port 
25 will be I/O 
port. 
When 
set, 
it 


will be an output 
of OLVL2 
automatically. 
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Control/Status 
Register 
I (8 bit) 
Control/Status 
Register 
2 (7 bit) 
Free 
Running 
Counter 
06 
bit) 
Output 
Compare 
Register 
I 06 
bit) 
Output 
Compare 
Register 
2 06 
bit) 
Input 
Capture 
Register 
06 
bit) 


• 
Free-Running 
Counter 
(FRCI ($0009 
: OOOA) 


The 
key 
timer 
element 
is 
a 
16-bit 
Free-Running 
Counter 


which 
is incremented 
by system 
clock 
(E). The 
counter 
value 
is 
readable 
by software 
without 
affecting 
the 
FRC. 
It is cleared 
by 


reset. 


A write to the high byte of the FRC 
(S09) 
will preset 
the high 


and 
low byte 
of the 
FRC 
to SFFF8 
. A continuous 
write 
to the 
high and low byte FRC, 
however, 
will set them 
to the write data. 
The 
FRC 
write timing 
will be as follows 
when 
double 
store 
in- 


structions 
(STD, 
STX etc.) 
execute. 


In the case of a write 
($5AF3) 
to the FRC. 


Figure 
21 
Counter 
Write 
Timing 


• 
Output 
Compare 
Register 
(OCR) 
($0008. 
$OOOC; OCR11 ($0019. 
$001A; 
OCR2) 


The 
Output 
Compare 
Register 
is a 16-bit 
read/write 
register 


used 
to control 
an output 
waveform. 
It is always 
compared 
with 


the FRC 
on each 
E-cycle. 
When 
a match 
is found, 
Output 
Compare 
Flag 
(OCF) 
in the 


Timer 
Control/Status 
Register 
(TCSR) 
is set. If an output 
enable 
bit (OE) 
in the TCSR2 
is "I", 
an output 
level bit (OLVL) 
in the 
TCSR 
will appear 
at Port 
21 (Tout 
\) or Port 25 (Tout 
2). 
The 
OCR 
and OLVL 
can then 
be changed 
for the next 
com- 
pare. 
The 
OCR 
is set to SFFFF 
at reset. 
The compare 
function 
is 


inhibited 
for a cycle after 
a write to the OCR 
or to the high byte 


of the FRC. 
This is to set the 
16-bit value 
valid in the register 
for 


compare. 
In addition, 
it is because 
SFFF8 
is set at the next 
cycle 


of a write to the high byte of the FRC. 
• 
For 
a write 
to the 
FRC 
or 
the 
OCR, 
2-byte 
transfer 
in- 


struction 
(such 
as STX etc.) 
should 
be used. 


• 
Input 
Capture 
Re9ister 
UCR) ($0000 
: OOOE) 


The 
Input 
Capture 
Register 
is a 16-bit 
read only register 
used 


to store 
the 
FRC 
when 
an external 
input 
transition 
oocures 
de- 
fmed by input 
edge bit (IEDG) 
in the TCSR 1. 


In order 
to input 
the external 
signal 
to the edge detective 
cir- 


cuit, 
Port 
20 should 
be configured 
as an 
input. 
When 
an 
input 


capture 
occures 
at the 
next 
cycle of a read 
the 
high-byte 
of the 


ICR, 
the 
input 
capture 
will delay 
one 
cycle. 
In order 
to ensure 


the 
input 
capture, 
a read 
to the 
ICR 
needs 
2-byte 
transfer 
in- 


struction, 
and 
the 
input 
pulse 
width 
should 
be at least 
2 system 


cycles. This register 
is cleared 
(SOOOO)at reset. 


• 
Timer 
Control/Status 
Register 
1 (TCSR1) 
($0008) 


The 
Timer 
Control/Status 
Register 
I is an 
8-bit 
register 
of 


which 
all bits are readable 
while 
the 
lower 
5 bits can be written. 


The 
upper 
3 bits indicate 
the following 
timer's 
status. 


Bit 5 
The 
FCR 
has overflowed. 
(TOF). 
Bit 6 
A match 
has been 
found 
between 
the FCR and 
the OCR 


I (OCF\). 


Bit 7 
A level 
transition 
of the 
timer 
input 
has 
been 
detected 


(ICF). 


Bit 0 
OLVLl 
Output 
Level 1 
When 
a match 
is found 
between 
the 
FCR 
and 
the 


OCRI, 
OLVLl 
will appear 
at Port 
21 if OEI, 
bit 0 of the 


TCSR2, 
is set. 


Bit 1 
IEDG 
Input Edge 
This 
bit controls 
which 
level 
transition 
will trigger 
the 


FCR 
transfer 
to 
the 
ICR. 
For 
this 
function, 
the 
DDR 


corresponding 
to Port 20 should 
be cleared. 


IEDG=O, 
transferred 
on a negative 
edge 


IEDG= 
I, 
transferred 
on a positive 
edge 


Bit 2 
ETOI 
Enable 
Timer Overflow 
Interrupt 
When 
this 
bit 
is set, 
an 
internal 
interrupt 
(IRQ,) 
is 


enabled 
for TOI. When 
cleared, 
the interrupt 
is inhibited. 


Bit 3 
EOCII 
Enable 
Output 
Compare 
Interrupt 
1 
When 
this 
bit 
is set, 
an 
internal 
interrupt 
(IRQ,) 
is 
enabled 
for 
OCII. 
When 
cleared, 
the 
interrupt 
is 


inhibited. 


Bit 4 
EICI 
Enable 
Input Capture 
Interrupt 


When 
this 
bit 
is set, 
an 
internal 
interrupt 
(IRQ,) 
is 


enabled 
for ICI. When 
cleared, 
the interrupt 
is inhibited. 


Bit 5 
TOF 
Timer Overflow 
Flag 
This 
read 
only 
bit is set 
when 
the 
FCR 
contains 
all 


I's. 
It is cleared 
by reading 
the 
TCSR I followed 
by the 


FCR's 
high byte 
(S0009). 
Bit 6 
OCFl 
Output 
Compare 
Flag 1 
This 
read 
only 
bit is set 
when 
a match 
is found 
be- 


tween 
the OCR I and 
the FRC. 
It is cleared 
by writing 
to 


the 
OCR I 
(SOOOB or 
SOOOC) followed 
by reading 
the 


TCSRI 
or TCSR2. 


Bit 7 
ICF 
tnput 
Capture 
Flag 
This 
read 
only 
bit is set 
to indicate 
a level 
transition 


defined 
by IEDG. 
It is cleared 
by reading 
the 
high 
byte 


(SOOOD) of the ICR followed 
by the TCSRI 
or TCSR2. 


• 
Timer 
Control/Status 
Register 
2 (TCSR2) 
($OOOFI 
The 
Timer 
Control/Status 
Register 
2 is a 7-bit 
register. 
All 


bits are readable 
while the lower 4 bits can be written. 
The 
upper 


3 bits indicate 
the following 
timer's 
status. 


Bit 5 
A 
match 
has 
been 
found 
between 
the 
FRC 
and 
the 


OCR2 
(OCF2). 
Bit 6 
The same 
flag as the OCFI 
of the TCSRI. 


Bit 7 
The same 
flag as the ICF of the TCSR 1. 


OLVL2 
Output 
Level 2 


OLVL2 
is transferred 
to 
Port 
25 
when 
a match 
is 


found 
between 
the FCR 
and the OCR2. 
If OE2, 
bit 5 of 


the TCSR2, 
is set, OL VL2 will appear 
at Port 25. 


EOCI2 
Enable 
Output 
Compare 
Interrupt 
2 


When 
this 
bit 
is set, 
an 
internal 
interrupt 
(IRQ.) 
is 


enabled 
for 
OCI2. 
When 
cleared, 
the 
interrupt 
is 


inhibited. 
Not Used 
OCF2 
Output 
Compare 
Flag 2 


This 
read-only 
bit is set 
when 
a match 
is found 
be- 


tween 
the FCR 
and the OCR2. 
It is cleared 
by writing 
to 


the 
OCR2 
($0019 
or 
$OOIA) 
followed 
by 
reading 
the 


TCSR2. 


Bit 6 
OCF1 
Output 
Compare 
Flag 1 


Bit 7 
ICF 
Input Capture 
Flag 
OCFI 
and 
ICF 
addresses 
are 
partially 
decoded. 
CPU 


read 
of 
the 
TCSR IITCSR2 
makes 
it 
possible 
to 
read 


OCFI 
and ICF into bit 6 and bit 7. 


Both the TCSRI 
and TCSR2 
will be cleared 
by reset. 


(Note) 
If OEI 
or 
OE2 
is set 
before 
the 
first 
output 
compare 


match 
is found 
after 
reset, 
Port 
21 and 
Port 
25 will out- 


put "0" 
respectively. 


(Note) 
Because 
the set condition 
of ICF precedes 
its reset 
condi- 


tion, 
ICF 
is not 
cleared 
when 
the 
set condition 
and 
the 


reset 
condition 
occur 
simultaneously. 
The 
same 
phenom- 


enon 
applies 
to OCFI, 
OCF2 
or TOF respectively 
. 


• 
TIMER 
Z 
In addition 
to the timer 
I, the HD6370lXO 
provides 
an 8-bit 


reloadable 
timer, 
which 
is capable 
of counting 
the external 
event. 


This 
timer 
2 contains 
a timer 
output, 
so the 
MCU 
can generate 


three 
independent 
waveforms. 
(Refer 
to Fig. 23.) 


The 
timer 
2 is configured 
as follows: 
Control/Status 
Register 
3 (7 bit) 


8-bit Up Counter 
Time 
Constant 
Register 
(8 bit) 


• 
Timer 
Z Up Counter 
(TZCNT) 
($001 D) 


This 
is an 8-bit up counter 
which 
is incremented 
by the clock 


controlled 
by CKSO and 
CKSI 
of the 
TCSR3. 
The 
T2CNT 
is 


always readable 
without 
affecting 
itself. In addition, 
any value can 


be written 
to the T2CNT 
by software 
even 
during 
counting. 


The 
counter 
is cleared 
when 
a match 
is found 
between 
the 


T2CNT 
and the TCONR 
or by reset. 


A write 
to the T2CNT 
at the clear cycle does 
not reset 
it but 


• 
Time 
Constant 
Register 
(TCONR) 
($001CI 


The 
Timer 
Constant 
Register 
is an 8-bit write only register. 
It 


is always compared 
with the T2CNT. 


When 
a match 
has been 
found, 
counter 
match 
flag (CMF) 
of 


the 
Timer 
Control/Status 
Register 
3 
(TCSR3) 
is set 
and 
the 


value 
selected 
by TOSO and 
TOS 1 of the TCSR3 
will appear 
at 


Port 
26. 
When 
CMF 
is set, 
the 
FCR 
will 
be 
cleared 
simu- 


ltaneously 
and then 
a counting 
starts 
from 
$00. This enables 
reg- 


ular 
interrupts 
and 
waveform 
outputs 
without 
any software 
sup- 


port. The TCONR 
is set to "$FF" 
by reset. 


• 
Timer 
Control/Status 
Register 
3 (TCSR31 
($001 B) 


The 
Timer 
Control/Status 
Register 
3 is a 7-bit 
register. 
All 


bits are readable 
while 6 bits except 
for CMF 
can be written. 
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Timer' 
FRC 
I 
I 
I 


Bit 0 
CKSO 
Input Clock Select 
0 
Bit 1 
CKS 1 
Input Clock Select 
1 
An input 
clock to the T2CNT 
is selected 
by these 
bits 
as shown 
in Table 
7. When 
an external 
clock is selected, 
Port 
27 will be an input 
automatically. 
The 
positive 
edge 


of the 
external 
clock 
increments 
the T2CNT. 
The 
maxi- 


mum 
external 
clock is half of the system 
clock frequency. 


CKSI 
CKSO 
Input 
Clock 
to the Counter 


0 
0 
E clock 


0 
1 
E c1ock/S" 


1 
0 
E c1ock/12S" 


1 
1 
External 
clock 


• These clocks come from the FAC of the timer 1. If one of these clocks 


is selected as an input clock to the up counter, 
a write to the FAC of 


the timer 
1 should 
be inhibited. 


Bit 2 
TOSO 
Timer Output 
Select 
0 
Bit 3 
TOS 1 
Timer Output 
Select 
1 
When 
a match 
is found 
between 
the T2CNT 
and 
the 


TCONR, 
timer 
2 output 
selected 
by these 
bits shown 
in 


Table 
8 will appear 
at 
Port 
26. 
When 
both 
TOSO and 


TOS 1 are cleared, 
Port 26 will be an I/O port. 


TOSI 
TOSO 
Timer 
Output 


0 
0 
Timer 
Output 
Inhibited 


0 
1 
Toggle 
Output" 


1 
0 
Output 
"0" 


1 
1 
Output 
"'" 


• When 
a match 
is found 
between 
the 
T2CNT 
and the TeONR, 
timer 
2 


output 
level is reversed. This leads to production 
of a square wave with 


50% duty to the external 
without 
any 
software support. 


Bit 4 
T2E 
Timer 2 Enable 
Bit 
When 
this 
bit is cleared, 
the 
nCNT 
will stop. 
When 


set, 
a clock 
selected 
by CKSI 
and 
CKSO 
(Table 
7) pro- 


vides 
to the T2CNT. 


(Note) 
P" 
is "0" 
when 
T2E 
is cleared 
and 
P" 
is configured 
as 
an output 
by TOS 1 or TOSO. It also is "0" 
when 
T2E 
is 


set 
and 
P" 
is configured 
as 
an 
output 
before 
the 
first 
counter 
match. 
Bit 5 
Not Used 
Bit 6 
ECMI 
Enable 
Counter 
Match 
Interrupt 
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When this bit is set, an internal interrupt 
(IRQ,) is 


enabled for CM!. When cleared, the interrupt is inhibited. 


Bit 7 
CMF 
Counter Match Flag 


This read only bit is set when a match is found be- 


tween the T2CNT and the TCONR. It is cleared by writ- 
ing "0". (It cannot be written "I" 
by software). 


Each bit of the TCSR3 is cleared by reset. 


• 
SERIAL COMMUNICATION 
INTERFACE (SCI) 


The HD6370lXO SCI provides two operation modes; one is 


an asynchronous 
mode by the NRZ format and the other is a 


clocked synchronous 
mode to transfer data synchronizing with 


the serial clock. 
The serial interface is configured as follows: 


Transmit/Receive Control and Status Register (TRCSR) 
Rate/Mode Control Register (RMCR) 
Receive Data Register (RDR) 
Receive Data Shift Register (RDSR) 
Transmit Data Register (TDR) 
Transmit Data Shift Register (TDSR) 
The SCI is initialized by software. The procedure is usually as 


follows: 
I) 
Write a operation mode into each corresponding control 
bit of the RMCR. 
2) 
Write a operation mode into each corresponding control 
bit of the TRCSR. 
When setting the baud rate and operation mode, TE and RE 


should be "0". 
When TE and RE is set again, more than I bit 


cycle of the current baud rate is necessary. If set in less than I bit 
cycle, the SCI cannot be initialized occasionally. 


• 
Asynchronous 
Mode 


An asynchronous mode contains the following two data for- 


mats: 
I Start Bit + 8 Bit Data + I Stop Bit; 8 Bit Data Format 
I Start Bit + 9 Bit Data + I Stop Bit; 9 Bit Data Format 


In 9 Bit Data Format, if the 9th bit is "I", 
the format of 


I Start Bit + 8 Bit Data + 2 Stop Bit 


The SCI is initialized by writing desirable control bytes to the 


RMCR and then to the TRCSR. 


The 
transmit 
operation 
is enabled 
by TE in the TRCSR. 


When TE is set, the output of the TDSR is connected to P" 
which will be configured as an output regardless of the DDR, 
and then the serial output is initiated by transmitting to a lO-bit 
preamble of "I" 
in the 8 Bit Data Format or an II-bit preamble 


of "I" 
in the 9 Bit Data Format. Following the preamble, the in- 


ternal synchronization is established and the transmitter section 
is ready for operation. 


At this point one of two situation exist: 
I) 
If the TDR is empty (TDRE= I), a continuous string of 
ones will be sent indicating an idle line. 


2) 
If a byte has been written to the TDR (TDRE=O), 
it is 


transferred to the TDSR, TDRE will be set and transmis- 
sion will begin. 
During the transfer itself, the start bit (0) is first transmitted. 


Then the 8 data bits or the 9 data bits (beginning with bit 0) fol- 
lowed by the stop bit (I) are transmitted. When the TDR has 
been emptied, TDRE is set. 


If the MCU fails to respond to the flag within the proper time, 


(TDRE is still set when the next normal transfer from the TDR 
to the TDSR should occure) then a "I" 
will be sent (instead of a 


"0") 
at start bit time, followed by more I's until more data is 


supplied to the TDR. No O's will be sent while TDRE remains as 
"I". 
The receive operation is enabled by RE which configures P23• 


The 
receive operation 
is controlled 
by the 
contents 
of the 


TRCSR and the RMCR. The receiver bit interval is divided into 
8 sub-intervals 
for internal synchronization. 
The received bit 


stream is synchronized by the first "0" (space) encountered. The 
approximate center of each bit time is strobed during the next 10 
bits. 
If the tenth bit is not a "I" 
(stop bit), a framing error is as- 


sumed and ORFE is set. If the tenth bit is a "I", 
the data is 


transferred to the RDR and interrupt flag RDRF is set. If RDRF 
is still set at the next tenth bit time, ORFE will be set, indicating 
an over-run has occurred. When the CPU responds to either flag 
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(RDRF or ORFE) by reading the TRCSR followed by reading 
the RDR, RDRF (or ORFE) will be cleared. 
(Note) Clock Source in Asynchronous Mode 


When using an internal clock for the SCI, the following 
requirements are applicable: 
Set CCI and CCOto "I" 
and "0" respectively. 
A clock is generated regardless of the value of TE, 
RE. 
The maximum clock rate is E+ 16. 
The output clock is the same as the bit rate. 


When using an external clock for the SCI, the following 
requirements are applicable: 
Set CCI and CCO in the RMCR to "I" 
and "I" 
re- 


spectively. 
The external clock should be set 16 times the desired 
baud rate. 
the maximum clock frequency is the same as the sys- 
tem clock. 


• 
Clocked Synchronous Mode 
In the clocked synchronous mode, the transmit operation is 


synchronized with the clock pulse. In the clocked synchronous 
mode an SCI clock I/O pin is only P", so the receive and trans- 
mit operation cannot be simultaneously enabled. Therefore, TE 
and RE should not be set simultaneously. Fig. 25 gives a syn- 
chronous clock and a data format in the clocked synchronous 
mode. 


The transmit operation is enabled by TE in the TRCSR. P" is 


configured as an output regardless of the value of the corres- 
ponding DDR. 


Both the RMCR and TRCSR should be set in the desirable 


operating conditions for data transmit. 


If the user wishes to provide an external clock, the data bits 


(beginning with bit 0) are transmitted from P", synchronizing 
with 8 clock pulses supplied to P", when TDRE is "0". TDRE is 
set when the TDSR is "empty". 
More the 9th clock pulse is ig- 


nored. 


. Transmit 
data illent 
between 
the negative 
edge of 8 synchronous 
clock 
and the next 
negative 
edge . 


• Receive 
data i, latched 
at the positive 
edge. 


The receive operation is enabled by RE. P" is configured as 


an input for the 8 bit external clock and P" is configured as an 
input for the receive data. The operating mode of data receive is 
decided by the TRCSR and the RMCR. 
If the external clock is provided, RE should be set when P" is 


"High". 
The receive data is transferred to the RDSR by this 


clock, and RDRF is set. More the 9th clock pulse are ignored. 
When RDRF is cleared by reading the RDR, the MCV starts re- 
ceiving the next data. 
RDRF, therefore, should be cleared with P" "High". 
When 


the first byte data is received, RDRF is set. After the second 
byte, the recejye operation is enabled by clearing RDRF. 


• 
TransmIt/Receive 
Control and Status 
Ragister 
lTRCSR) 


($0011) 
The TRCSR is an 8 bit register which is readable. Bits 0 to 4 


are also writable. This register is initialized to $20 by reset. Each 
bit functions as follows. 


Bit 0 
WU 
Wake-up 
In a typical multi-processor configuration, the software 
protocol will usually identify the address at the beginning 
of the message. In order to permit uninterested 
MCV's 
to ignore the remaining message, a wake-up function is 


available. By this, 
uninterested 
MCV 
can inhibit 
all 


further receive processing till the next message starts. 


Then wake-up function is triggered by consecutive I's 


with I frame length (10 bits for the 8-bit data format, or 
II bits for the 9-bit data format). The software protocol 
should provide the idle time between messages. 
By setting this bit, the MCV stops data receive till the 


next message. The receive of consecutive 
U 1" with one 


frame length wakes up and clears this bit and then the 
MCV 
restarts the receive operation. However, the RE 


flag should be set before setting this bit. In the clocked 
synchronous mode WV is not available, so this bit should 
not be set. 


Bit 1 
TE 
Transmit Enable 
When this bit is set, transmit data will appear at p•• 


after one frame preamble in asynchronous mode, while in 
clocked synchronous mode appear immediately. This is 
executed 
regardless of the value of the corresponding 


DDR. When TE is cleared, the serial I/O doesn't affect 


P24' 


Bit 2 
TIE 
Transmit Interrupt Enable 
When this bit is set, an internal interrupt (IRQ,) is 


enabled when TDRE (bit 5) is set. When cleared, the in- 
terrupt is inhibited. 


Bit 3 
RE 
Receive Enable 
When set, P" is configured as an input for the receive 


operation regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect P". 


Bit 4 
RIE 
Receive Interrupt Enable 
When this bit is set, an internal interrupt, 
IRQ, is 
enabled when RDRF 
(bit 7) or ORFE (bit 6) is set. 


When cleared, the interrupt is inhibited. 


Bit 5 
TORE 
Transmit Data Register Empty 
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TDRE 
is 
set 
when 
the 
TDR 
is 
transferred 
to 
the 


TDSR 
in the 
asynchronous 
mode, 
while 
it is set 
when 


the 
TDSR 
is 
"empty" 
in 
clocked 
synchronous 
mode. 


This 
bit is cleared 
by reading 
the TRCSR 
and writing 
the 


new transmit 
data to the TDR. 
TDRE 
is set by reset. 


(Note) 
TE should 
be set before 
clearing 
TDRE. 


Bit 6 
ORFE 
Overrun 
Framing 
Error 


ORFE 
is set when 
an overrun 
or a framing 
error 
is oc- 


cured 
(during 
data receive 
only). 
An overrun 
error 
occurs 


when 
a new 
receive 
data 
is ready 
to be transferred 
to the 


RDR 
with RDRF 
still set. A framing 
error 
occurs 
when 
a 


stop 
bit is "0". 
But 
in clocked 
synchronous 
mode, 
this 


bit is not 
affected. 
This 
bit is cleared 
when 
reading 
the 


TRCSR, 
then 
the RDR, 
or by reset. 


Bit 7 
RDRF 
Receive 
Data Register 
Full 


RDRF 
is set 
when 
the 
RDSR 
is transferred 
to 
the 


RDR. 
Cleared 
when 
reading 
the TRCSR, 
then 
the RDR, 
or by reset. 


(Note) 
When 
a few bits 
are 
set 
between 
bit 
5 to bit 7 in the 


TRCSR, 
a read 
of the 
TRCSR 
is sufficient 
for clearing 


those 
bits. 
It is not 
necessary 
to read 
the TRCSR 
every- 


time to clear each bit. 


• 
Rete/Mode Control Register IRMCR) 
The 
RMCR 
controls 
the followings: 


. Baud Rate 
. Data Format 


. Clock 
Source 
. P" Function 


In 
addition, 
if 9-bit 
data 
format 
is set 
in the 
asynchronous 


mode, 
the 9th bit is put in this register. 
All bits are readable 
and 


writable 
except 
bit 7 (read only). 
This register 
is cleared 
by reset. 


These 
bits select 
the baud 
rate when 
using 
the internal 
clock. 


Table 
9 lists the available 
bit times 
and baud 
rates. 
The 
timer 
I's 


FRC 
(SS2= 
0) 
and 
the 
timer 
2's 
up counter 
(SS2;= I) 
provide 


Bit 0 
Bit 1 
Bit 5 
SSO} 
SSl 
SS2 


the internal 
clock for the SCI. When 
the source 
of the SCI inter- 


nal clock is the timer 
2's up counter, 
the desired 
baud 
rates 
may 


be selected 
by the TCONR 
shown 
in Table 
10. 


(Note) 
When 
operating 
the SCI with internal 
clock, 
do not write 


to the counter 
which 
is the source 
of the SCI clock. 


Bit 2 
Bit 3 
Bit 4 
CCO} 
CCl 
CC2 


These 
bits select 
the 
data 
format 
and 
the 
clock 
source 
(refer 


to Table 
11). 


• 
CCO, CCI 
and 
CC2 
are 
cleared 
and 
the 
MCV 
will be in 


the 
clocked 
synchronous 
mode 
(the 
external 
clock 
opera- 


tion) 
by reset. 
Then 
P" 
is forced 
to be configured 
as an 


input 
for the clock. If using 
P" 
for an output, 
the DDR 
of 


port 2 should 
be set to "I" 
and CCI, 
CCO must 
be set to 
"01". 
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XTAL 
2.4576MHz 
4.0MHz 
4.9152MHz 


552 
551 
550 
E 
614.4kHz 
1.0MHz 
1 2288MHz 


0 
0 
0 
E: 
16 
2 6 ~s/38400Baud 
16"s/625008aud 
13"sj76800Baud 


0 
0 
1 
E';-128 
208"s/4800Baud 
128"s/7812.5Baud 
104.2 "sj9600Baud 


0 
1 
0 
E';-1024 
1.67ms/600Baud 
1 024ms/976.6Baud 
833.3"s/1200Baud 


0 
1 
1 
E~-4096 
6.67ms/1508aud 
4.096ms1244 
18aud 
3.333ms/300Baud 


1 
- 
- 
- 
* 
* 
* 


f 
32 (N+l) 
( 


f: 
input clock frequency to the) 
lImer 2 counter 


N = 0 - 255 


xrAL 
4.0MHz 
6.0MHz 
8.0MHz 


552 
551 
550 
E 
1.0MHz 
1.5MHz 
2.0MHz 


0 
0 
0 
E:2 
2"s/bit 
1.33"sjbit 
1"s/bit 


0 
0 
1 
E';-16 
16"s/bit 
10.7"s/btt 
8"s/bit 


0 
1 
0 
E';-128 
128"s/bit 
853"s/btt 
64"s/bit 


0 
1 
1 
E';-512 
512"s/btt 
341 "s/bit 
256"s/bit 


1 
- 
- 
- 
* * 
** 
* * 


* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 


"peratable up to DC - 
1/2 system clock. 


Bit Rate (/ls/bit) 
= 4 (~+l) 


( 


f: 
i~put clock frequency to the) 
lImer 2 counter 


N = 0 - 255 


~L 
2.4576MHz 
3.6864MHz 
4.0MHz 
4.9152MHz 
8.0MHz 
Baud Rate (Baud 


110 
21' 
32' 
35' 
43' 
70' 
150 
127 
191 
207 
255 
51' 
300 
63 
95 
103 
127 
207 
600 
31 
47 
51 
63 
103 
1200 
15 
23 
25 
31 
51 
2400 
7 
11 
12 
15 
25 
4800 
3 
5 
- 
7 
12 
9600 
1 
2 
- 
3 
- 


19200 
0 
-- 
- 
1 
- 


3B400 
- 
- 
- 
0 
- 
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CC2 
CCI 
CCO 
Format 
Mode 
Clock Source 
Port 2, Bit 2 
Port 2, Bit 3 
I 
Port 2, Bit 4 


0 
0 
0 
B·bit data 
Clocked Synchronous 
External 
Input 


0 
0 
1 
8-bit data 
Asynchronous 
Internal 
Not Used" 


0 
1 
0 
a·bit data 
Asynchronous 
Internal 
Output' 
When RE is "1", bit 3 is used for 
a serial input. 


0 
1 
1 
a·bit data 
Asynchronous 
External 
Input 


1 
0 
0 
a·bit data 
Clocked Synchronous 
Internal 
Output 


1 
0 
1 
9·bit data 
Asynchronous 
Internal 
Not Used" 


1 
1 
0 
9·bit data 
Asynchronous 
Internal 
Output' 
When TE is "1 ", bit 4 is used for 
a serial output. 


1 
1 
1 
9·bit data 
Asynchronous 
External 
Input 


Bit 6 
TDB 
Transmit Data Bit B 


When 
selecting 
the 
9·bit 
data 
format 
in 
the 


asynchronous 
mode, this bit is transmitted 
as the 9th 


data. 


Bit 7 
ROB 
Receive Data Bit B 


When 
selecting 
the 
9·bit 
data 
format 
in 
the 
asynchronous mode, this bit stores the 9th bit data. 


flag of the Timer 1 and the Timer 2 will be set, and the SCI 
cleared. Therefore the OCFI and OCF2 of the Timer 1 may not 
be cleared correctly because set signal is generated periodically 
whenever the OCR matches the FRC. In order to clear these 
flags correctly, the match should be prohibited during the period 
between reading the TSCR and writing the OCR. For instance, 
these flags will be cleared correctly if the TCSR is read and the 
OCR is written continuously soon after matching the value of the 
OCR and the FCR . 
• 
TIMER, SCI STATUS FLAG 
Table 12 shows set and clear conditions of each status flag in 


the timer I, the timer 2 and the SCI. 


If the flag set and clear conditions occur at the same time, the 


Set Condition 
Reset Condition 


ICF 
FRC •.• ICR by adge input to Pw. 
1. 
Read the TCSR 1 or TCSR2 then ICRH, 
when ICF=l 


2. 
Jm:=0 


OCFl 
OCR1=FRC 
1. 
Read the TCSR 1 or TCSR2 then write to the 
OCRIH or OCR1L, when OCFl =1 


Timer 
2. 
Jm:=0 


1 
OCF2 
OCR2=FRC 
1. 
Read the TCSR2 then write to the OCR2H or 
OCR2L, when OCF2= 1 


2. 
FITS=o 


TOF 
FRC=$FFFF+l 
cycle 
1. 
Read the TCSRI then FRCH, when TOF=l 


2. 
RtS=O 


Timer 
CMF 
T2CNT=TCON R 
1. 
Write "0" to CMF, when CMF = 1 
2 
2. 
RtS=O 


RDRF 
Receive Shift Register ..• RDR 
1. 
ReadtheTRCSR 
then RDR,when 
RDRF=l 


2. 
FITS=o 


ORFE 
1. 
Framing Error (Asynchronous Model 
1. 
Read the TRCSR then RDR, when ORFE-l 


Stop Bit = 0 
2. 
RES=O 
2. 
Overrun Error (Asynchronous Model 
Receive Shift Register'" 
RDR when 


SCI 
RDRF=l 


TDRE 
1. 
Asynchronous Mode 
Read the TRCSR then write to the TDR, 


TDR •.• Transmit Shift Register 
when TDRE= 1 
2. 
Clocked Synchronous Mode 
(Note) 
Clear TDRE after setting TE. 


Transmit Shift Register is "empty" 


3. 
1ITS=0 
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• 
LOW POWER DISSIPATION MODE 
The HD6370lXO provides two low power dissipation modes; 


sleep and standby. 


• 
Sleep Mode 
The MCU will be in the sleep mode when SLP instruction is 


executed. In the sleep mode, the CPU stops and the registers' 
contents are retained. While the peripherals such as timers, SCI 
etc. continue their functions. The power dissipation of the sleep- 
condition is one fifth that of the operating condition. 
The MCU returns from this mode by an interrupt, RES or 


STBY; it will be reset by IrnS and the standby mode by STBY. 
When the CPU responds to an interrupt request, it cancels the 
sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for 
example if the timer I or 2 prohibits a timer interrupt, the CPU 
doesn't cancel the sleep mode because of no interrupt request. 


This sleep mode is effective to reduce the power dissipation 


for a system with no need of the HD63701XO's consecutive op- 


• 
Standby 
Mode 
In MCU mode, the HD6370lXO stops and reset with STIJY 
"low". 
In this mode, 
the power dissipation is reduced con- 


spicuously. All pins except for the power supply, STIlY and 
XTAL are detached from the MCU internally and will be the 
high impedance state. 
While the contents of RAM is retained. The MCU returns 


from this mode by reset. The followings are typical usage of this 
mode. 
Save the CPU information and SP contents on RAM by lilm. 


Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset, that indicates the power is supplied 
to the MCU and RAM contents are retained properly. So system 
can restore itself by returning their pre-standby informations to 
the SP and the CPU. Fig. 26 depicts the timing at each pin with 
this example. 


Vee 


®NM11 
lr--J 


NMI 
I 


® 
I 
I 
HD63701XO 


@ RES 
I 
100 
I 
STBY 
I 
II 
I 


Ii> 
I 
I 
I 
I 
I 
I 
I 
I 


Ii> 
STBY 
i 
mID 
fr-fi 
I 


I 
I 
I 
I 
@ 
i 
I 
I 
I 
I--of 
~ 


o Save 
Registers 
o Oscillator 


o RAM/Port 
5 Conlrol 
Start Time 
Register 
Set 
~ 


Restart 


Figure 26 
Standby Mode Timing 


• 
TRAP FUNCTION 
The CPU generates 
an interrupt 
with the highest priority 


(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space. The TRAP prevents the system-burst 
caused by noise or a program error. 


• 
Op Code Error 
When fetching an undefined op code, the CPU saves CPU 


registers as well as a normal interrupt and branches to the TRAP 
($FFEE, $FFEF). This provides the priority next to reset. 


• 
Address Error 
When an instruction fetch is made excluding internal ROM, 
RAM and external memory area, the MCU generates an inter- 
rupt as well as an op code error. But on the system with no 
memory in its external memory area, this error processing is not 
applicable if an instruction fetch is made from the external non- 
memory 
area. Table 13 provides addresses where an address 
error occurs to each mode. 
This processing is available only for an instruction fetch and is 
not applicable to the access of normal data read/write. 


Mode 
1 
2 
3 


$0000 
$0000 
$סס oo 
I 
I 
I 


Address 
$OOlF 
$oolF 
$003F 
$0100 
I 
$EFFF 


(Note) The TRAP interrupt provides a retry function differently 


from other interrupts. This is a program flow return to 
the address where the TRAP occurs when a sequence re- 
turns to a main routine from the TRAP interrupt routine 
by RTI. The retry can prevent the system burst caused by 
noise etc. 
However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is nec- 
essary in programming. 
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• 
INSTRUCTION 
SET 


The 
HD6370lXO 
provides object code upward compatible 


with the HD6801 to utilize all instruction set of the HMCS6800. 
It also reduces 
the 
execution 
times 
of key instructions 
for 


throughout improvement. 


Bit manipulation instruction, change instruction of the index 


register and accumulator and sleep instruction are also added. 
The followings are explained here. 
CPU Programming Model (refer to Fig. 27) 
Addressing Mode 
Accumulator and Memory Manipulation Instruction 
(refer to Table 14) 
New Instruction 
Index Register and Stack Manipulation Instruction 
(refer to Table 15) 
Jump and Branch Instruction (refer to Table 16) 
Condition Code Register Manipulation 
(refer to Table 17) 
Op Code Map (refer to Table 18) 


• 
Programming 
Model 


Fig. 27 depicts the HD6370lXO programming model. The 


double accumulator D consists of accumulator A and B, so when 
using the accumulator D, the contents of A and B are destroyed. 


I" 
·1 


I"du 
R•••• l•• 011 


I" 
5' 
·1 


115 
PC 
·1 •.•••••• eo...".•• I"C1 


C...,J ••••._1, ...•.••S. 
",,",'- 
Z~.-,- 
I••••'••"'l 
HeI' c.....,.IF'OfO! •• l 31 


• 
CPU Addressing Mode 
The HD6370lXO provides 7 addressing modes. The address- 


ing mode is decided by an instruction type and code. Table 14 
through 18 show addressing modes of each instruction with the 
execution times counted by the machine cycle. 


When the clock frequency is 4MHz, the machine cycle time 


becomes microseconds directly. 
Accumulator (ACCX)Addressing 


Only an accumulator is addressed and the accumulator A or B 


is selected. This is a one-byte instruction. 
Immediate Addressing 


This addressing locates a data in the second byte of an in- 


struction. However, LDS and LDX locate a data in the second 
and third byte exceptionally. This addressing is a 2 or 3-byte in- 
struction. 
Direct Addressing 
In this addressing mode, the second byte of an instruction 


shows the address where a data is stored. 256 bytes ($0 through 
$255) can be addressed directly. Execution times can be reduced 
by storing data in this area so it is recommended 
to make it 
RAM for users' data area in configurating a system. This is a 2- 
byte instruction, while 3 byte with regard to AIM, OIM, ElM 
and TIM. 


Extended Addressing 
In this mode, the second byte shows the upper 8 bit of the 


data stored address and the third byte the lower 8 bit. This indi- 
cates the absolute address of 3 byte instruction in the memory. 
Indexed Addressing 
The second byte of an instruction and the lower 8 bit of the 


index register are added in this mode. As for AIM, OIM, ElM 
and TIM, the third byte of an instruction and the lower 8 bits of 
the index register are added. 


This carry is added to the upper 8 bit of the index register and 


the result is used for addressing the memory. The modified ad- 
dress is retained in the temporary address register, so the con- 
tents of the index register doesn't change. This is a 2-byte in- 
struction except AIM, OIM, ElM and TIM (3-byte instruction). 
Implied Addressing 
An instruction itself specifies the address. That is, the instruc- 


tion addresses a stack pointer, index register etc. This is a one- 
byte instruction. 
Relative Addressing 
The second byte of an instruction and the lower 8 bits of the 


program counter are added. The carry or borrow is added to the 
upper 8 bit. So addressing from - 126 to + 129 byte of the cur- 
rent instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 


When accepting the IRQ at a preset timing with the help 
of CLI and SEI instructions, more than 2 cycles are nec- 
essary between the CLI and SEI instructions. For exam- 
ple, the following program (a) (b) don't accept the IRQ 
but (c) accepts it. 


CLI 
NOP 
NOP 
SEI 


CLI 
NOP 
SEI 
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Condition 
Coda 


Addressing Modes 
Register 
Operations 
MnemoniC 
Boolean/ 
5 
4 
3 
2 
IMMED 
DtRECT 
INDEX 
EXTEND 
IMPLIED 
Arithmetic 
Operation 
1 
0 


OP - . OP - • 
OP - .OP - . OP - • 
H 
I 
N 
Z 
V 
C 


Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
B8 
4 
3 
A + M- 
A 
I · 
I 
I I I 


ADOB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B 
+ M- 
B 
I · 


I 
I 
I I 


Add Double 
ADDD 
C3 
3 
3 
03 
4 
2 
E3 
5 
2 
F3 
5 
3 
A,B+M,M+l-A,B 
·· 


I 
I 
I 
I 


Add Accumulators 
ABA 
lB 
1 
1 
A+B-A 
I · 
I I I I 


Add With c.rrv 
ADCA 
B9 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
I · 


I 
I 
I 
I 


ADCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B + M+C-B 
I · 
I I I I 


AND 
ANOA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A'M-A 
·· 
I I 
R · 
AN DB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B'M- 
B 
·· 
I I 
R · 
Btt Test 
BIT 
A 
85 
2 
2 
95 
3 
2 
AS 
4 
2 
B5 
4 
3 
A·M 
·· 


I 
I 
R · 
BIT 
B 
C5 
2 
2 
05 
3 
2 
E5 
4 
2 
F5 
4 
3 
8'M 
·· 
I 
I 
R · 
Clear 
CLR 
6F 
5 
2 
7F 
5 
3 
00 - 
M 
·· 


R 
S 
R 
R 


CLRA 
4F 
1 
1 
00 - 
A 
·· 


R 
S 
R 
R 


CLRB 
SF 
1 
1 
00 
-·B 
·· 


R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
AI 
4 
2 
B' 
4 
3 
A-M 
·· 
I 
I 
I 
I 


CMPB 
Cl 
·2 
2 
0' 
3 
2 
El 
4 
2 
F, 
4 
3 
B - M 
· 


;, 
I 
I 
I 
I 


Compare 
CBA 
11 
1 
1 
A-8 
·· 


I 
I 
I 
I 
Accumulators 


Complement. 
l's 
COM 
63 
6 
2 
73 
6 
3 
M---M 
·· 
I I 
R 
S 


COMA 
43 , 
1 
A -A 
·· 
I I 
R 
S 


COMB 
53 
1 
1 
B 
-B 
·· 
I I 
R 
S 


Complement. 
2', 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
·· 
I 
I 
(j)'1) 


INegate' 
NEGA 
40 , 
1 
OO-A-A 
·· 
I 
I 
(I) ill 


NEGB 
50 
1 
1 
OO-B-B 
·· I I 
(j)ilJ 


Decimal 
Adjust. 
A 
OAA 
19 
2 
1 
Converts blnarv 
add of BCD ·· 
I 
I 
I <l> 
characters 
tnto BCD format 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M -l-M 
·· 
I I @ • 


DECA 
4A 
1 , 
A -1 
- 
A 
·· 
I I 
@ 
• 


DECB 
SA 
1 
1 
B-1 
....•B 
·· 


I 
I 
@ 
• 


Ekclusive OR 
EORA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
B8 
4 
3 
A@M-A 
·· 
I I 
R · 
EORB 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
B 0 M- 
8 
·· 
I I 
R · 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+ 
1 -M 
·· 
I 
I ~. 


INCA 
4C 
1 
1 
A 
+ 1 -- A 
·· 
I 
I 
(J) 
• 


INCB 
5<0 
1 
1 
B + 1- 
B 
·· 
I 
I ~. 


Loo<! 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M-A 
·· 
I 
I 
R · 
Accumulator 
LDAS 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M -8 
·· 
I I 
R · 
Load Double 
LOO 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M + 1 - 
B, M- 
A 
·· 
I 
I 
R · 
Accumulator 


Multiply 
Unsigned 
MUL 
3D 
7 
1 
AxS-A:B 
···· 
• 
<lJi 


OR, 
Inclusl •.••• 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
·· 
I 
I 
R · 
DRAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
·· 
I 
I · 
Push Data 
PSHA 
36 
4 
1 
A -- Msp, SP - 
1 - 
SP 
······ 
PSHB 
37 
4 
1 
B -- Msp, SP - 
1 - 
SP 
······ 
Pull Dall 
PULA 
32 
3 
1 
SP + 1- 
SP.Msp- 
A 
······ 
PULB 
33 
3 
1 
SP + 1 - 
SP, Msp ....•B 
······ 
RolI,e 
left 
ROL 
69 
6 
2 
79 
6 
3 
:14J4i I 
·· 
I 
I 
@ I 


ROLA 
49 
1 
1 
! ! I Ii 
n4l ·· 
I 
I 
@ I 


ROLS 
59 
1 
1 
8 
C 
b1 
bO ·· 
I 
I @T 


Ro,.,e 
Right 
ROR 
66 
6 
2 
76 
6 
3 
=lbr 
III 
III 
jJ ·· 
I 
I @ 


AORA 
46 
1 
1 
·· 
I 
I 
@ I 


AORB 
56 
1 
1 
• 
C 
b7 
bO ·· 
I 
I 
@ I 
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Addressing 
Modes 


Condition 
Code 
Register 
Operettans 
Mnemontc 
IMMED 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Booleenl 
5 
4 
3 
2 
1 
0 
Arithmetic 
Oper.ttan 


DP - - 


DP - - 


DP - - 


DP - - 


DP - - 


H 
I 
N 
Z 
V 
C 


Shift 
Left 
ASL 
68 
6 
2 
78 
6 
3 
Wj 
_ 
·· 
I I ~ I 
Arithmettc 
ASLA 
48 , 
1 
A 
[}It(lllllllt4-0 
·· 
I I \l!)1 


ASL8 
58 , 
1 
8 
C 
b1 
bO ·· 
I I 
6 
I 


Dou~eShift 
ASLD 
05 
1 
1 
~ 
ACC AI ACC 8 
~ 
0 ·· 
I I 
6 
I 
Left. 
Arithmettc: 
11.1 
11.0 81 
1M) 


Shift 
Right 
ASR 
67 
6 
2 
77 
6 
3 
:1C?II~ 
I r"9 ·· 


I I 
I 
Arithmetic 
ASRA 
47 , , 
·· 
I I 
I 


ASR8 
57 
1 
1 
8 
b1 
bO 
·· 
I I 
6 
I 


$hift 
Right 
LSR 
64 
6 
2 
74 
6 
3 
Wj 
_ 
·· 


R I 
I 
Logicel 
LSRA 
44 
1 
1 
Ao+tlllllll~ 
·· 
R 
I 
6 
I 


LSR8 
54 , 
1 
• 
b1 
bO 
·· 


R I 
I 


Double 
Shift 
LSRD 
04 , 
1 
0-+4 
ACC AI ACC 8 f+(J ·· 


R 
I f6>1 
Right 
LogiCiI 
., ..., 
10 
C 


Store 
STAA 
97 
3 
2 
A7 
4 
2 
87 
4 
3 
A_ 
M 
·· 
I I 
R · 
AccumuletOf' 
STAB 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
8_M 
·· 
I I 
R · 
StOrt 
Double 
STD 
DO 
4 
2 
ED 
5 
2 
FD 
5 
3 
A_M 
·· 
I I 
R · 
Accumulator 
B _ 
M + 1 


SubtrKt 
SU8A 
80 
2 
2 
90 
3 
2 
AO 
4 
2 
80 
4 
3 
A-M_A 
·· 
I I I I 


SU88 
CO 
2 
2 
00 
3 
2 
EO 
4 
2 
FO 
4 
3 
8-M_8 
·· 
I I I I 


Doubt. 
SubtrK1 
SU8D 
83 
3 
3 
93 
4 
2 
A3 
5 
2 
83 
5 
3 
A: 
B -M: 
M + 1- 
A 
8 ·· 
I I I I 


Subtr-.=t 
SBA 
10 
1 
1 
A-8-A 
·· 
I I I I 
Accumulators 


Subtreet 
SBCA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
·· 
I I I I 
With 
Carry 
SBC8 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
·· 
I I I I 


Trani'" 
TAB 
16 
1 , 
A-B 
·· 


I I 
R · 
Accumulators 
T8A 
17 , 
1 
B_A 
·· 
I I 
R · 
Test Zero or 
TST 
60 
4 
2 
70 
4 
3 
M-OO 
·· 
I I 
R 
R 
Minus 
TSTA 
40 
1 , 
A -00 
·· 
I I 
R 
R 


TSTB 
50 
1 
1 
B - 
00 
·· 
I I 
R 
R 


And 
Immediate 
AIM 
7' 
6 
3 
6' 
7 
3 
M·IMM_M 
• • I I 
R • 
OR Imm.<bt. 
DIM 
72 
6 
3 
62 
7 
3 
M+IMM-M 
• • I I 
R • 
EOR Immediate 
ElM 
75 
6 
3 
65 
7 
3 
M(j)IMM-M 
·• I I 
R • 
Tnt 
Immedi.tt 
TIM 
7B 
4 
3 
6B 
5 
3 
M·IMM 
• • I I 
R • 
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• 
Additional Instruction 
In addition to the HD680I 
instruction set, the HD6370IXO 
prepares the following new instructions. 


AIM 
(M)-(IMM) ~ 
(M) 


Executes 
"AND" 
operation to immediate data and the 
memory contents and stores its result in the memory. 


Executes 
"AND" 
operation 
to 
immediate 
data 
and 
changes the relative flag of the condition code register. 


Executes 
"OR" 
operation 
to immediate 
data 
and 
the 
memory contents and stores its result in the memory. 


These area 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 


XGDX 
(ACCD) - 
(IX) 


Exchanges the contents of accumulator and the mdex reg- 
ister. 


Executes 
"EaR" 
operation 
to immediate data and the 
memory contents and stores its result in the memory. 


SLP 
Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPAnON 
MODE" for more details of the sleep mode. 


Addr••• ing Modll 
Condition 
Cod. 
Bool.,n' 
A"In., 
'oint" 
Operltion, 
Mnemonic 
IMMEO. 
OIRECT 
INOEX 
EXTENO 
IMPLIEO 
Arithmetic 
Oper.tion 
5 • 3 
2 , 
0 


OP - • 
OP - • 
OP - • 
OP - • 
OP - • 
H 
I 
N 
Z 
V 
C 


Compere lnd•• R., 
CPX 
BC 
3 
3 
9C • 
2 
AC 
5 
2 
BC 
5 
3 
X-M:M+1 
·· : I : I 


0«:,."...", 
Ind•• Reg 
OEX 
09 , , 
X -, 
- 
X 
··· 
I ·· 
Decr.ment StIck Pnu 
OES 
3. , 
1 
SP-t-SP 
······ 
Incrtment 
Index 
Reg 
INX 
OB 
1 
1 
X +'- 
X 
··· 
I ·· 
Incr.m.nt Stick Pnt' 
INS 
3' , , S'·'-SP 
······ 
Loed Index 
R~ 
LOX 
CE 
3 
3 
OE • 
2 
EE 
5 
2 
FE 
5 
3 
M- 
XH. IM.,)- 
XL · 


• 
<1.' 
I 
R · 
Lotd 
Stadt 
Pn'r 
LOS 
BE 
3 
3 
9E • 
2 
AE 
5 
2 
BE 
5 
3 
M- 
sPH. (M+ll-SPL ··'t I 
R · 
$tor, I"ct-. Reg 
STX 
OF • 
2 
EF 
5 
2 
FF 
5 
3 
XH-M.XL-IM+l) 
·· 


'f~I 
R · 
Store Stick 
Pnlf 
STS 
9F • 
2 
AF 
5 
2 
BF 
5 
3 
SPH ....•M, SPL ..• (M + 1) ·· 


"i 
I 
R · 
Index Reg ....•Stick Pnt, 
"FXS 
35 
I 
1 
X-'-$P 
······ 
St.ck 'nt' ....•Inde. Reg 
TSX 
30 
1 
1 
$P+1-X 
······ 
Add 
ABX 
3A 
1 
1 
B + X ....•X 
······ 
Push 
Oata 
P$HX 
3C 
5 
1 
XL"'" Mil). SP - 1 ....•SP ······ 
XH"'" Mil" 
SP - 
1 ....•.SP 


Pull 0"1 
PULX 
38 
4 
1 
SP+'-SP,MtP-XH 
······ 
SP + 1 ....•SP. M., .....XL 


Exchange 
XGOX 
lB 
2 
1 
ACCO·"X 
• • • • • • 
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Addressing Modes 
Condition 
Code 


Register 


()perations 
Mnemonic 
RELATIVE 
DIRECT 
INDEX 
EXTEND 
IMPLIED 
Branch Test 
5 , 3 
2 
1 
0 


OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
H 
I 
N 
Z 
V 
e 


Branch AIWilYs 
BRA 
20 
3 
2 
None 
······ 
Branch Never 
BRN 
21 
3 
2 
None 
······ 
Br.nch 
If CArry CIMr 
Bee 
2' 
3 
2 
e-o 
······ 
Br.nch 
If CIIrry Set 
Bes 
25 
3 
2 
e'l 
······ 
Br.nch 
If - Zero 
BEO 
27 
3 
2 
Z'l 
······ 
Br.nch 
If ;> Zero 
BGE 
2e 
3 
2 
N@V-O 
······ 
Br.nch 
If > Zero 
BGT 
2E 
3 
2 
Z + IN @ V) - 0 
······ 
Br.nch 
If Htgher 
BHI 
22 
3 
2 
C+Z-O 
······ 
Br.nch 
If < Zero 
BlE 
2F 
3 
2 
Z + IN@ 
VI 
- 
, 
······ 
Br.nch 
I f Lower Or 
BlS 
23 
3 
2 
C + Z - 
1 
······ 


Som. 


Br.nch 
If < Zero 
BlT 
20 
3 
2 
N@V-' 
······ 
Branch 
If Minus 
BMI 
2B 
3 
2 
N· 
, 
······ 
Branch If Not 
Equ.1 
BNE 
26 
3 
2 
ZoO 
······ 
Zero 


Branch If O •••rflow 
Bve 
2B 
3 
2 
v-o 
······ 
CIe.r 


flrtlnch 
If O •••rflow 
Stt 
BVS 
29 
3 
2 
V- 
1 
······ 
B,.nch 
If Plus 
BPl 
2A 
3 
2 
N-O 
······ 
Branch To Subroutine 
BSR 
80 
5 
2 
······ 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
······ 
Jump To Subroutine 
JSR 
90 
5 
2 
AD 
5 
2 
BO 
6 
3 
······ 
No ap.,..don 
NOP 
01 
1 , 
Adv.nces 
PrOl). entr. ······ 


Only 


Return 
From 
Interrupt 
RTl 
3B 
10 
1 
--(j; 
-- 


Retum 
From 
RTS 
39 
5 
1 
······ 
Subroutine 


Softwer. 
Interrupt 
SWI 
3F 
12 
1 
· 


S ···· 
Wait for Interrupt- 
WAI 
3E 
9 , 
·):'- ··· 
SloeD 
SLP 
lA 
4 
1 
• • • • • • 
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ddreSSlngMod 
Condlilon 
Code 
A~ister 


Operations 
MnemonIC 
IMPLIED 
Boolean 
Operation 
5 
• 
3 
2 
1 
a 


OP - . 
H 
I 
N 
Z 
V 
C 


Cle.r 
Carry 
CLC 
OC 
1 
1 
O-C 
· · · · · 


R 


CI •• r Interrupt 
M.sk 
CLI 
OE 
1 
1 
0-1 
· 


R · · · · 
Cle.r 
Overflow 
CLV 
OA 
1 
1 
a-v 
· · · · 


R · 
Set <Arry 
SEC 
00 
1 
1 
1 - 
C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
1 , 
1- 
I 
· 


S · · · · 
Set O .•• rnow 
SEV 
OB 
1 
1 
I-V 
· · · · 


S · 
Accumu 
I.tor 
A - 
CCA 
TAP 
06 
1 
1 
A- 
CCA 
--@-- 


CCR 
- 
Accumul.tor 
A 
TPA 
01 
1 
1 
CCR 
- 
A 
• I • · • I • · 


LEGEND 
OP 
Operation Code (Hexadecimall 
Number of MCUCycles 
MSp 
Contents of memory location pointed to by Stack Pointer 


# 
Number of Program Bytes 
Arithmetic 
P.lus 
Arithmetic 
Minus 
Boolean AND 


+ 
Boolean Inclusive OR 


~ 
Boolean Exclusive OR 


M 
Complement of M 
Transfer into 
OBit;:: 
Zero 
00 
Byte:;: Zero 


CONDITION 
CODE 
SYMBOLS 
H 
Half-carry from bit 3 to bit 4 
I 
Interrupt mask 
N 
Negative (sign bit) 
Z 
Zero (byte) 
V 
Overflow. 2'5 complement 


C 
Carry/Borrow from/to 
bit 7 
R 
Reset Always 
S 
Set Always 


t 
Set if true after test or clear 
• 
Not Affected 


(Note) 
Condition Code Register Notes: 
(Bit set if test is true and cleared otherwise) 


(i) 
(Bit V) 
Test: Result; 
1ס0ooooo1 


(3) 
(Bit C) 
Test: 
Result \ 0ס0ooooo1 


® 
(Bit C) 
Test: 
BCD Character of high~rder 
byte greater than 10? 
(Not cleared if previously sed 


@) 
(Bit V) 
Test: Operand = 10000000 
prior to execution? 


® 
(Bit V) 
Test: 
Operand = 01111111 
prior to execution? 


® 
(Bit V) 
Test: 
Set equal to NC:IlC = 1 after the execution of instructions 


(7) 
(Bit N) 
Test: 
Result lessthan zero? (Bit 15=1) 


® 
(All Bit) 
Load Condition Code Register from Stack. 


(§) 
(Bit I) 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait state. 


@) 
(All Sit) 
Set according to the contents of Accumulator A. 


® 
(Bit C) 
Result of Multiplication 
Bit 7=1? (ACCS) 


OP 
ACC 
ACC 
1% 


ACCA 
or 
SP 
ACCS 
or 
X 


'NO 
O'A 
I 
INO 
I 
EXT 
CODE 
A 
B 
DIR 
IMM 
DIR 
I 
'NO 
I 
EXT 
IMM 


~ 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1 
1001 
1 
1010 
1 1011 
1100 
1 
1101 
I 
1110 
I 
1111 


LO 
0 
I 
2 
3 
• 
~ 
6 
7 
8 
I 
• 
1 
A 
1 
B 
C 
1 
o 
1 
E 
1 
F 


סס oo 
0 --- 


SBA 
BRA 
TSX 
NEG 
SUB 
0 


0001 
I 
NOP 
CBA 
BRN 
INS 
---- 
AIM 
CMP 
I 


0010 
2 --- --- 


BHI 
PULA -- 
I 
OIM 
SBC 
2 


0011 
3 ~ --- 


BLS 
PULB 
COM 
SUBD 
1 
ADDD 
3 
0100 • 


LSRD --- 


BCC 
DES 
LSA 
AND 
• 
0101 ~ ASLO 
~ 
BCS 
TXS 
---- 
ElM 
BIT 
S 


0110 
6 
TAP 
TAB 
BNE 
PSHA 
AoR 
LOA 
6 


0111 
7 
TPA 
TBA 
BEO 
PSHB 
ASA 
~·I 
STA 
1--------1 
STA 
7 


1000 
8 
INX 
XGDX 
BVC 
PULX 
ASL 
EoR 
• 


1001 • 
DEX 
DAA 
BVS 
RTS 
AOL 
ADC 
• 


1010 
A 
CLV 
SLP 
BPL 
ABX 
DEC 
ORA 
A 


1011 
B 
SEV 
ABA 
BMI 
AT! -- 
I 
TIM 
ADD 
B 


1100 
C 
CLC --- 


BGE 
PSHX 
INC 
CPX 
LoO 
C 


1101 
0 
SEC --- 


BLT 
MUL 
1ST 
BSR 
1 
JSR 
~I 
STD 
0 


1110 
E 
CLI 
./' 
BGT 
WAI 
~~I 
JMP 
LOS 
LOX 
E 


1111 
F 
SEI --- 


BLE 
SWI 
CLA 
~I 
STS 
~ 
STX 
F 


0 
I 
2 
3 
• 
1 ~ I 
6 
I 
7 
8 
I • 
1 
A 
1 
B 
C 
DIE 
I 
F 
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• 
CPU Instruction 
Flow 


When 
operating, 
the CPU 
fetches an instruction 
from a 
memory 
and executes 
the required 
functions. This sequence 


starts after the reset release and repeats itself limitlessly if not af- 
fected by a special instruction or a control signal. SWI. RTI. WAf 
and SLP instructions are to change this operation. while NMf. 
mtI,. ~, 
IRQ" HALT and STBY are to control it. Fig. 28 


gives the CPU mode shift and Fig. 29 the CPU system flow- 
chart. Table 19 shows the CPU operating states and port states. 


• 
Operation 
at Each Instruction 
Cycle 


Table 20 provides the o,peration at each instruction cycle. By 
the pipeline control of the HD63701XO. MULT. PUL. DAA and 
XGDX instructions etc. prefetch the next instruction. So atten- 
tion is necessary to the counting of the instruction cycles because 
it is different from the existent one -- -- - op code fetch to the 
next instruction op code. 


Port 
Mode 
Reset 
STBy···· 
HALT'" 
Sleep 


Port 1 
Mode 1,2 
H 
T 
H 
T 
IA. 
-A,I 
ModeJ 
T 
-- 
Keep 


Port 2 
Mode 1,2 


T 
T 
Keep 


Mode J 
-- 


Keep 


PorlJ 
Mode 1,2 
T 
T 
T 
T 
10.-0,) 
ModeJ 
-- 
Keep 


PorI 4 
Mode 1. 2 
H 
T 
H 


lA, -Au) 
T 
---- 
Mode J 
T 
Keep 


Mode 1,2 
T 


Port 5 
T 
T 
T 


ModeJ 
--- 


Port 6 
Mode 1. 2 


T 
T 
Keep 


Mode J 
-- 


Keep 


Port 7 
Mode 1,2 
. 
.. 
. 
T 
-- 


Mode J 
T 
Keep 


H; 
High, 
L; 
Low, 
T; 
High Impedance 


• 
RO,WR,RtW,L1R-H,BA-L 
RO, WR, RtW=T, 
L1R, BA-H 
HALT 
is unacceptable 
in mode 3. 
E pin goes to high impedance state. 
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() 
:l> 


<0~ 
~ 
N 
• 
~0~ 
.j:> 
W 
0'1 
00 
W00 


(Note) 
1. 
The 
program 
sequence will 
com...!.-!.othe m 
start from 
any 
place of 
the 
flow 
during 
RES. When STBY=O. the 
sequence will go into the standby 
mode regardless of the CPU 
condition. 


ADC 
ADD 
1 
Cp 
Code 
Address 
t 1 
1 
0 
1 
1 
Operand 
Data 
AND 
BIT 
2 
Op Code Address f 2 
1 
0 
1 
0 
Next 
Op Code 
CMP 
EOR 
2 
LOA 
ORA 
SBC 
SUB 
ADDD 
CPX 
1 
Op Code Address + 1 
1 
0 
1 
1 
OpNJnd 
Data 
IMSBl 


LOD 
LOS 
3 
2 
Op Code Address -t 2 
1 
0 
1 
1 
Operand Data (LSBl 


LOX 
SUBD 
3 
Op Code Address 
-+ 3 
1 
0 
1 
0 
Next Cp Code 


ADC 
ADD 
1 
ap Code Address 
t 1 
1 
0 
1 
1 
Addre~s of Operand (LS8) 


AND 
BIT 
2 
Address 
of 
OJ)p.rand 
1 
0 
1 
1 
Operand 
Data 
CMP 
EOR 
3 
3 
Op Code Address" 
2 
1 
0 
1 
0 
Next ap Code 


LOA 
ORA 
SBC 
SUB 
STA 
1 
Op Code Addres~ • 1 
1 
0 
1 
1 
Destmatlon Address 


3 
2 
Destination 
Address 
0 
1 
0 
1 
Accumulator 
Data 


3 
Cp Code Address 
4- 2 
1 
0 
1 
0 
Next Op Code 


ADDD 
CPX 
1 
Op Code Address 
t- 1 
1 
0 
1 
1 
Address 
of 
Operand 
(lSB) 


LDD 
LOS 
4 
2 
Address 
of 
Operand 
1 
0 
1 
1 
Operand Data (MSBl 


LOX 
SUBD 
3 
Address of Operand -t 1 
1 
0 
1 
1 
Operand Data (LSBl 


4 
ap Code Address 
-t 2 
1 
0 
1 
0 
Nexl 
Op Code 
STD 
STS 
1 
Cp Code Address+ 1 
1 
0 
1 
1 
DestInation 
Address 
(lSBI 


STX 
4 
2 
Destination 
Address 
0 
1 
0 
1 
Register 
Data 
IMSB) 


3 
Desllnatlor. 
Address 
+ 1 
0 
1 
0 
1 
Register 
Data 
(lSB) 


4 
Cp Code Address + 2 
1 
0 
1 
0 
Next 
Op Code 


JSR 
, 
Op Code 
Address 
i 1 
1 
0 
1 
1 
Jump 
Address 
(lSBl 


2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(lSB) 


5 
3 
Stack 
Pomter 
0 
1 
0 
1 
Return 
Address 
(lSBI 


4 
Stack 
Pomter 
- 
1 
0 
, 
0 
, 
Return 
Address 
(MSBl 


5 
Jump 
Address 
1 
0 
1 
0 
First 
Subroutine 
Op 
Code 


TIM 
, 
Op Code 
Address 
+ 1 
1 
0 
1 
1 
Immediate 
Data 


4 
2 
Op Code 
Address+2 
1 
0 
1 
1 
Address 
of 
Operand 
IlSB) 


3 
Address 
of 
Operand 
1 
0 
1 
, 
Operand 
Data 


4 
Op Code 
Address 
+ 3 
1 
0 
1 
0 
Next 
Op Code 


AIM 
ElM 
1 
Op Code 
Address 
+ 1 
1 
0 
1 
1 
ImmedIate 
Data 


OIM 
2 
Op 
Code 
Address 
i 2 
1 
0 
1 
, 
Address 
of Operand 
(lSBI 


6 
3 
Address 
ot 
Operand 
1 
0 
1 
, 
Operand 
Data 


4 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSBl 


5 
Address 
of 
Operand 
0 
1 
0 
1 
New 
Operand 
Data 


6 
Op Code 
Address 
+ 3 
, 
0 
, 
0 
Nut 
Op Code 
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JMP 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 
3 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


3 
Jump Address 
1 
0 
1 
0 
First Op Codeof Jump RoutIne 
ADC 
ADD 
1 
Cp Code Address + 1 
1 
0 
1 
1 
Offset 


AND 
BIT 
2 
FFFF 
1 
1 
1 
1 
Restart· Address 
(lSBI 
CMP 
EOR 
3 
IX+Otfset 
1 
0 
1 
1 
Operand 
Data 


LOA 
ORA 
4 
4 
ap Code Address + 2 
I 
0 
I 
0 
NexI ap Code 


SBC 
SUB 
TST 
STA 
1 
ap Code Address + 1 
1 
0 
I 
1 
Offset 


2 
FFFF 
I 
1 
1 
1 
Restart Address (LSB) 
4 
3 
IX + Offset 
0 
1 
0 
1 
Accumulator 
Data 
4 
ap Code Address + 2 
1 
0 
1 
0 
Next ap Code 


ADDD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 


CPX 
LDD 
2 
FFFF 
1 
1 
1 
l 
Restart Address (LSB) 
LOS 
LOX 
5 
3 
IX + Offset 
1 
0 
1 
1 
Operand Data (MSB) 
SUBD 
4 
IX+Offset 
+ 1 
1 
0 
1 
I 
Operand 
Data (lSB) 


5 
Cp Code Address + 2 
1 
0 
1 
0 
Next Op Code 


STD 
STS 
1 
ap Code Address + 1 
1 
0 
1 
t 
Offset 


STX 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


5 
3 
IX +Otfset 
0 
1 
0 
1 
Register 
Data 
IMSBI 
4 
IX+Offset+ 
1 
0 
I 
0 
I 
Register 
Data 
(lSB) 


5 
Cp Code Address + 2 
I 
0 
1 
0 
Next ap Code 


JSR 
1 
ap Code Address + 1 
I 
0 
I 
1 
Offset 


2 
FFFF 
I 
1 
1 
1 
Restart 
Address 
(LSB) 


5 
3 
Stack POInter 
0 
I 
0 
1 
Return Address (LSB) 
4 
Stack 
POInter 
- 
1 
0 
1 
0 
1 
Return Address IMSB) 


5 
IXtOffset 
1 
0 
1 
0 
First SubroutIne Op Code 


ASL 
ASR 
I 
Op Code Address t 1 
1 
0 
I 
1 
Offset 


COM 
DEC 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
INC 
LSR 
6 
3 
IXtOffset 
1 
0 
1 
1 
Operand Data 


NEG 
ROL 
4 
FFFF 
1 
1 
1 
1 
Restart Address (lSBl 
ROR 
5 
IXtOffset 
0 
I 
0 
1 
New Operand Data 
6 
Op Code Address + 1 
1 
0 
I 
0 
Next Op Code 
TIM 
I 
Op Code Address + 1 
1 
0 
1 
1 
Immediate Data 
2 
Op Code Address + 2 
1 
0 
1 
1 
Offset 
5 
3 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
4 
IX + Offset 
1 
0 
1 
I 
Operand Data 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


CLR 
1 
Op Code Address + 1 
1 
0 
I 
1 
Offset 


2 
FFFF 
1 
1 
1 
1 
Restart Address llSBl 


5 
3 
IX tOffset 
1 
0 
1 
1 
Operand Data 


4 
IX+Offset 
0 
1 
0 
1 
00 


5 
Op Code Address + 2 
1 
0 
1 
0 
Next Op Code 
AIM 
ElM 
1 
Op Code Address+ 
1 
I 
0 
I 
1 
ImmedIate Data 
OIM 
2 
Op Code Address+2 
1 
0 
1 
1 
Offset 
3 
FFFF 
1 
I 
1 
I 
Restart Address (lSBI 


7 
4 
IX + Offset 
1 
0 
1 
1 
Operand Data 
5 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


6 
IX + Offset 
0 
1 
0 
1 
New Operand Data 
7 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave.• 
San Jose, CA 95131 • (408) 435-8300 


JMP 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Jump Address (MSBI 


3 
2 
Cp Code Address + 2 
1 
0 
1 
1 
Jump Address (LSB) 


3 
Jump Address 
1 
0 
1 
0 
Next Cp Code 
ADC 
ADD 
TST 
1 
Cp Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSB) 
AND 
BIT 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address 
of Operand 
(LSB) 
CMP 
EOR 
4 
3 
Address 
of Operand 
1 
0 
1 
1 
Operand 
Data 


LDA 
ORA 
4 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
SBC 
SUB 


STA 
1 
ap Code Address + 1 
1 
0 
1 
1 
Destination Address (MSB) 


2 
Op Code Address + 2 
1 
0 
1 
1 
Destination Address (LSB) 
4 
3 
Destination Address 
0 
1 
0 
1 
Accumulator 
Data 
4 
ap Code Address + 3 
1 
0 
1 
0 
Next ap Code 


ADDD 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSBj 
CPX 
LDD 
2 
Cp Code Address + 2 
1 
0 
1 
1 
Address of Operand (LSBI 
LDS 
LDX 
5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data (MSBI 
SUBD 
4 
Address of Operand + 1 
1 
0 
1 
1 
Operand 
Data 
(lSB) 


5 
Op Code Address+3 
1 
0 
1 
0 
Next ap Code 
STD 
STS 
1 
ap Code Address+ 
1 
1 
0 
1 
1 
Destination Address (MSB) 
STX 
2 
ap Code Address + 2 
1 
0 
1 
1 
Destination Address {lSBI 


5 
3 
Destination Address 
0 
1 
0 
1 
Register Data (MSB) 


4 
Destination Address+ 1 
0 
1 
0 
1 
Register Data (lSB) 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
JSR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Jump Address (MSB) 


2 
Op Code Address+2 
1 
0 
1 
1 
Jump Address (lSB) 


3 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 
6 
4 
Stack POinter 
0 
1 
0 
1 
Return Address (lSB) 


5 
Stack POinter- 1 
0 
1 
0 
1 
Return Address (MSB) 


6 
Jump Address 
1 
0 
1 
0 
First Subroutine Op Code 
ASL 
ASR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Address of Operand (MSS) 
COM 
DEC 
2 
Op Code Address + 2 
1 
0 
1 
1 
Address of Operand (lSBI 
INC 
LSR 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 


NEG 
ROL 
6 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 
ROR 
5 
Address of Operand 
0 
1 
0 
1 
New Operand Data 


6 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
CLR 
1 
Op Code Address+ 1 
1 
0 
1 
1 
Address of Operand (MSB) 


2 
Op Code Address+2 
1 
0 
1 
1 
Address of Operand (LSBI 


5 
3 
Address of Operand 
1 
0 
1 
1 
Operand Data 


4 
Address of Operand 
0 
1 
0 
1 
00 
5 
Op Code Address + 3 
1 
0 
1 
0 
Next Op Code 
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ABA 
ABX 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
ASL 
ASLD 


ASR 
CBA 


CLC 
CLI 
CLR 
CLV 
COM 
DEC 
DES 
DEX 
INC 
INS 
INX 
LSR 
1 


LSRD 
ROL 
ROR 
NOP 


SBA 
SEC 


SEI 
SEV 
TAB 
TAP 


TBA 
TPA 
TST 
TSX 
TXS 
DAA 
XGDX 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
2 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 
PULA 
PULB 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
3 
2 
FFFF 
, 
1 
1 
1 
Restart Address (LSB) 


3 
Stack Pointer + 1 
, 
0 
1 
1 
Data from Stack 
PSHA 
PSHB 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 
4 
3 
Stack POinter 
0 
1 
0 
1 
Accumulator 
Data 


4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
PULX 
1 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address IlSBI 
4 
3 
Stack POinter+ 1 
1 
0 
1 
1 
Data from Stack (MSB) 


4 
Stack 
Pointer + 2 
1 
0 
1 
1 
Data from Stack (lSB) 
PSHX 
, 
Op Code Address + 1 
1 
0 
1 
, 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSBj 


5 
3 
Stack POinter 
0 
, 
0 
1 
Index Register (lSB) 


4 
Stack 
POinter 
- 
1 
0 
1 
0 
1 
Index Register (MSB) 


5 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 
RTS 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


5 
3 
Stack 
POInter + 1 
1 
0 
1 
1 
Return Address (MSB) 


4 
Stack Pointer + 2 
1 
0 
1 
1 
Return Address (LSB) 
5 
Return Address 
1 
0 
1 
0 
First Op Code of ReturnRoutine 
MUL 
1 
Op Code Address + 1 
1 
0 
1 
U 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address (LSBI 


3 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


7 
4 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


5 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


6 
FFFF 
1 
1 
1 
1 
Restart Address (LSB) 


7 
FFFF 
1 
1 
, 
1 
Restart Address (lSB) 
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WAI 
1 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSBI 


3 
Stack POinter 
0 
1 
0 
1 
Return Address (lSB) 
4 
Slad 
POinter - 1 
0 
1 
0 
1 
Return Address (MSBI 
9 
5 
Stack 
POinter - 2 
0 
1 
0 
I 
Index RegIster (LSBj 


6 
Stack 
POinter - 3 
0 
1 
0 
1 
Index RegIster (MSB) 


7 
Stack 
POinter - 4 
0 
1 
0 
1 
Accumulator A 


8 
Stack 
POinter - 5 
0 
1 
0 
1 
Accumulator 
B 


9 
Stack 
POinter - 6 
0 
1 
0 
1 
Conditional 
Code Register 
RT! 
I 
Op Code Address + 1 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address (lSB) 


3 
Stack 
POInter + 1 
1 
0 
1 
1 
ConditIonal 
Code 
Register 


4 
Stack POinter + 2 
1 
0 
1 
I 
Accumulator 
B 


5 
Stack POinter + 3 
1 
0 
1 
I 
Accumulator 
A 
10 
6 
Stack 
POinter + 4 
I 
0 
1 
1 
Index: Register (MSBI 


7 
Stack 
POinter + 5 
1 
0 
I 
1 
Index 
RegIster 
(lSB) 


8 
Stack 
POinter + 6 
1 
0 
1 
1 
Return 
Address 
(MSBI 


9 
Stack 
POinter + 7 
1 
0 
1 
1 
Return Address (lSB) 


10 
Return Address 
1 
0 
1 
0 
FIrst Op Code of Return Routine 
SWI 
1 
Op Code Address + , 
1 
0 
1 
1 
Next Op Code 
2 
FFFF 
1 
1 
1 
1 
Restart Address 
llSBl 
3 
Stack POinter 
0 
1 
0 
1 
Return Address 
(LSB) 


4 
Stack POinter - 1 
0 
1 
0 
1 
Return Address 
(MSBI 


5 
Stack POinter - 2 
0 
1 
0 
1 
Index Register 
(lSB) 


6 
Stack 
POinter - 3 
0 
1 
0 
1 
Index RegIster (MSB) 
12 
7 
Stack 
POinter - 4 
0 
1 
0 
I 
Accumulator 
A 


8 
Stack POinter - 5 
0 
1 
0 
1 
Accumulator 
B 


9 
Stack POinter - 6 
0 
1 
0 
1 
Conditional 
Code Register 


10 
Vector 
Address 
FHA 
1 
0 
1 
1 
Address of SWI RouMe (MSB) 


11 
Vector 
Address 
FHB 
1 
0 
1 
1 
Address of SWI RouMe (LSB) 


12 
Address 
of SWI Routine 
1 
0 
I 
0 
First Op Code of SWI Routine 
SlP 
1 
Op Code Address + , 
1 
0 
1 
1 
Next Op Code 


2 
FFFF 
1 
1 
1 
1 
Restart Address 
(LSB) 


1 
j 
j 
j 


I 


I 


4 
Sleep 
I 
j 
3 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(LSB) 


4 
Op Code Address + 1 
1 
0 
1 
0 
Next Op Code 


Bee 
8es 
1 
Op Code Address + 1 
1 
0 
1 
1 
Branch 
Offset 
BEO 
BGE 
3 
2 
FFFF 
1 
1 
I 
1 
Restart Address 
(lSB) 


BGT 
BHI 
3 
IBranchAddress·"'Test="'· 
1 
0 
1 
0 
First Op Code of Branch Routine 
8lE 
BlS 
()p CodeAddress+ 1,··Tesl="O· 
Next Op Code 
BlT 
BMT 


BNE 
BPl 


BRA 
BRN 


BVe 
BVS 


BSR 
1 
Op Code Address + 1 
1 
0 
1 
1 
Offset 
2 
FFFF 
1 
1 
1 
1 
Restart 
Address 
(lSB) 


5 
3 
Stack 
POinter 
0 
1 
0 
1 
Return Address 
ILSB) 


4 
Stack 
POinter - 1 
0 
1 
0 
1 
Return Address 
IMSB) 


5 
Branch 
Address 
1 
0 
1 
0 
FIrst Op Code of Subroutine 


The memory 
cell will be discharged 
by; 


CD Exposure 
to ultraviolet 
light; 
discharged 
by photo 
emit- 


ting electrons 
(erasure 
principle) 
(2) Heat; discharged 
by thermal 
emitting 
electrons 


a> Applied 
with 
high 
voltage; 
discharged 
by high 
electric 


field. Charge 
loss from 
the normal 
cell by case (2) or a> 


is negligible. 
But if there are some defects 
at the SiO" 
the 


cell will be rapidly discharged 
through 
the defects. 
Such a 


defective 
part is rejected 
by manufacturing 
screenings. 


The erased, 
or discharged, 
cell is a "I". 


• 
The EPROM Programming and Maintenance 


0) 
The EPROM 
Programming 
and Data Retention 


An EPROM 
memory 
cell is programmed 
by hot electrons 
iIijected to the floating gate with applying high voltage at the 
control 
gate and the drain. The electrons 
have been 
trapped 


by the 
potential 
barrier 
at the 
polysilicon-oxide 
(SiO,) 
by 
which 
the 
floating 
gate is completely 
sorrounded. 
The 
pro- 
grammed 
cell becomes 
a "0". 
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: / 
Control 
gate 


SiO, \] 
~r 
: / 
Floating 
gate 
T~';m=- -eee=- [if" 


The erased cell ("''') 


Figure 30 
Cross-section of An EPROM Memory Cell 


(2) Precaution of the EPROM Programming 


The EPROM memory cell should be programmed with 


the specified voltage and timing. The higher program voltage 
Vpp or the longer program pulse width tpw is applied, the 
more will be the quantity of electrons injected to the floating 
gate. However, a p-n junction will be broken permanently if 
Vpp is applied to more than maximum 
ratings. Especially 


Vpp overshoot 
of an 
EPROM 
programmer 
should 
I 


checked. 


Negative-noise to device pins may cause a parasitic tral 


sistor effect and reduce the breakdown voltage. 


(3) Precaution for using the MCU in the ceramic package with 


window 
Static charge on the window surface may adversely afTe 


the function of the MCU. The charge will be caused by rul 
bing the window with plastics or dry cloths, or touching 
charged body on it. They can be discharged by exposure l 
ultraviolet light for a short time. It is recommended to pn 
gram the memory cell again after exposure, since the ell' 
trons trapped at the floating gate will reduce. The metho( 
to prevent static charge on the window are follows. 


~ 


Connect the body of an operator to the ground. 
Do not rub the window with plastics or dry cloths. 
Do not use coolant sprays which contain some ions. 


4 Use a conductive opaque label. 


The data stored in EPROM may be losed or the MCI 


may malfunction by photocurrent if the MCU is exposed 
1 


strong light like a fluorescent lamp or the sunlight. Then 
fore, it is recommended to cover th.e window with an opaqu 
label. 


(4) Screening procedure of the MCU in the plastic package 


In general, 
any standard 
manufacturing 
screening 
( 


semiconductor devices will make initial failures rejected an 
improve reliability. The bake procedure for EPROM devict 
accelerates any electron leakage at the floating gate. Th 
manufacturer 
tests the CPU, RAM, 
I/O and other logi 


functions in the EPROM on-chip MCU in the plastic pad 
age at wafer sort and final test, and rejects any devices whic 
do not pass the tests. It is impossible, however, to reject EI 
ROM defects at final test, since the EPROM memory POl 
tion cannot be completely tested after molding in the plasti 
package. Therefore, 
it is recommended 
that the screen in 


procedure shown Fig. 3I after programming EPROM POl 
tion. 


* 
Baking time should be 
measured 
after oven 
temperature 
reaching 
at 150°C. 


(Caution) If the user experiences several consecutive program- 


ming failures, from same EPROM programmer, after 
following the recommended screening procedure, then 
call Hitachi. 


(5) EPROM programmers and socket adapters 


EPROM programmers and socket adapters which are rec 


ommended for the HD6370IXO are shown Table 21. 


A socket adapter is a tool to convert from 64-pin socke 


to standard 24-pin socket. 
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EPROM Programmer 
Socket Adapter 


Maker 
Type No. 
Maker 
Type No. 


121A/121B 
Hitachi Ltd. 
H67PWA01A 


DATA I/O (U.S.A.) 
29A/29B 
HD63701XO 
Data I/O 
(for 29A/29B) 


AVAL CORP. (JAPAN) 
PKW-l000 
Hitachi Ltd. 
H67PWA01A 
PKW·7000 


Minato Electronics Inc. 
M1863 


(JAPAN) 
M1866 
Hitachi Ltd. 
H67PWA01B 
7GU-2700 


• 
Write only Register 
When a write-only register such as the DDR of the port is 


read by the MPU, "SFF" 
always appears on the data bus. Note 


that when an instruction which reads the memory contents and 
does some arithmetic operation on the contents of the write-only 
register, it always gets SFF as the arithmetic and logical results. 
AIM, OIM and ElM instructions are unable to apply especially 
for the bit manipulation of the DDR of the I/O port. 


Trap Interrupt 
When execution an RTI instruction at the end of the interrupt 


routine, trap interrupt different from other interrupts returns to 
the address where the trap interrupt was generated. Attention is 
necessary when using several trap interrupts in the program. See 
Fig. 32 and 33 for details. 


After performing BSR instruction, the branch destination ad- 
dress is output on an address bus to fetch the first op-code of a 
subroutine. If SOOOIis output as an address by some mistake the 
HD63701XO decodes it inside and generates a trap interrupt. 
When RTI instruction is performed in this trap interrupt servic- 
ing routine, 
the HD63701XO will set $0001 in PC and start 
from this address, which causes a trap interrupt again and repeat 
this endless-loop . 


• 
Precaution for using WAI instruction 
If HAI:T turns "Low" in WAI execution, a CPU upset may 


occur since the correct vector will not be fetched after the halt 
state has been released. It is recommended to use BRA instruc- 
tion etc. for software interrupt before HALT turns "Low" shown 
Fig. 35. 


1 


WAI 
h 


FFOl 
OPn 


FF02 
Operand 
Waiting 
Interrupt 


FF03 
Undefinition 


Accept 
interrupt 


Uncorrect 
vector (MSBI 


Fetch vectors 


FF04 


Uncorrect 
vector (LSB) 


OPn+l 
C 


After executing OPn instruction, the HD6370lXO fetches and 


decodes and undefined op-code inside to generate a trap inter- 
rupt. When RTI instruction is executed in this trap interrupt 
servicing routine, the HD6370lXO will set SFF03 in PC, fetch 
the undefined code again, generate a trap interrupt and repeat 
ABC endless-loop. 
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• 
Power-on Reset 
At power-on it is necessary to hold RES "low" 
to reset the 
internal state of the device and to provide sufficient time for the 
oscillator to stabilize. Pay attention to the following. 


• Just after power-on, the MPU doesn't enter reset state until 


the oscillation starts. This is because the reset signal is input 
internally, with the clocked synchronization as shown below. 


Thus, just after power-on the LSI state (110 port, mode con- 


dition etc.) is unstable until the oscillation starts. If it is necessary 
to inform the LSI state to the external devices during this period, 
it needs to be done by the external circuits. 


(, ) 
A crystal resonator and 
load capacitors should be 
as close as possible 
to the 
LSI. 


( 


External 
noise 
to XTAL 
and) 


EXTAL 
pins 
will disturb 
the 


normal oscillation. 


• 
Board Design of Oscillation Circuits 
Keep the following in mind when connecting a crystal resona- 


tor to XTAL and EXTAL pins of the HD6370IXO. 


12) 
Keep the lines from XTAL 
and 
E pins 
as far as possible. 
(Avoid parallel wiring.) 


( 


E signal will go into the0 
XTAL 
pin to disturb the 
normal oscillation. 


Avoid these lines. 
~I: 


Signal lines or power 
supply lines near the oscillation 
circuit 
will 


disturb normal oscillation by their induction 
(5e8the right figurel. 


So pay attention 
not to do that. 
In addition. 
keep the resistance 


betwe~n 
XTAL 
and 
its nearest 
pin, 
and 
between 
EXTAL 
and 
its 


nearest pin more than 10Mn. 
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(Top view) 


Figure 38 
Example of Oscillation 
Circuits in Board Design 


• 
Receive Margin of the SCI 
Receive margin of the SCI contained 
in the HD63 70 IXO 


is shown in Table 22. 
Note; SCI = Serial Communication Interface. 
Bit distortion 
tolerance 


(t-to) 
/ to 
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HD63705VO,HD637 A05VO, 
HD637B05VO 
CMOS MCU {Microcomputer Unit} 


-ADVANCE 
INFORMATION- 


The HD63705VO 
is an 8-bit CMOS single chip microcomputer 


unit 
(MCU) 
which, 
including 
4k bytes of EPROM, 
is object code 


compatible 
with the HD6305VO. 
The HD63705VO 
contains 
4k bytes of EPROM, 
192 bytes of 
RAM, 
serial communication 
interface and 31 parallel 110 pins in 


addition 
to CPU. 


The 
HD63705VO 
is available 
in a hermetically 
sealed 40-pin 


ceramic 
package which 
includes 
a glass window 
that allows for 


programming 
and 
EPROM 
erasure 
in the same way as 27256 


type EPROM. 


> 
• 
FEATURES 


• 
Instruction 
Set compatible 
with the HD6305VO 


• 
4k Bytes 01EPROM (compatible 
with 27256 
type) 


• 
192 Bytes 01RAM 


• 
A total 0131 terminals 


• 
Twotimers 
8-bittimer 
with a 7-bit prescaler 
(programmable 
pre- 


scaler; event counter) 


- 
15-bit 
timer 
(commonly 
used with the SCI clock 
di- 


vider) 


• 
On-chip 
serial interface 
circuit 
(synchronized 
with clock) 


• 
Six interrupts 
(two external, 
two timer, one serial and one 


software) 


• 
Low power dissipation 
modes - 
Wait, Stop and Standby 


Mode 


• 
Operation 
Mode 
MCU Mode (Single-chip 
Mode) 


EPROM Mode 


• 
Minimum 
Instruction 
Cycle Time 
HD63705VO 
1 ILS (1= 1MHz) 
HD637 A05VO 
0.67 ILS (1= 1.5MHz) 


HD637B05VO 
0.51Ls (1= 2MHz) 
• 
Wide Operating 
Range 


HD63705VO 
1=0.1 
to 1MHz,,(Vcc=5V±10%) 


HD637A05VO 
I=0.1 
to 1.5MHz (Vcc=5V±10%) 


HD637B05VO 
1=0.1 
to 2MHz (Vcc= 
5V± 10%) 


• 
SOFTWARE FEATURES 
• 
Similar to HD6800 
Instruction 
Set 
• 
Byte Efficient 
Instruction 
Set 


• 
Bit Manipulation 


• 
Bit Test and Branch 
• 
Versatile 
Interrupt 
Handling 


• 
Powerful 
Indexed Addressing 
lor Tables 


• 
Full Set 01Conditional 
Branches 
• 
10 Powerful Addressing 
Modes 


• 
New Instructions 
- 
STOP, WAIT, DAA 
• 
Compatible 
with HD6805 
Family 


@HITACHI 


Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 


MCU Modoi 


EPROMM7 
~ 


V,..fTIMER 


EO•••••• 
EO""', 
EO,l •••• 
EO,l"', 
EO"•••• 
EO,l •••• 
EOAl'A. 
EO""', 


Accumulator 
.•. 
CPU 


<l(S 
Indox 
Control 


"!i.ll 
Register 
X 
•.1 
Condition Code 
Register 
CC 
CPU 
Stack 
Pointer 
SP 
Program 
Counter 
"'lU 
'H 
h" 
PCH 
adi 
Program 
"!i.ll 
Counter 
..1 
"Low" 
PCl 


Serial 


Data 


Register 


B. 
B, 
B. 
B, 


EA,JB. 
EA,oI8, 
B. 


EA. 18, 


Serial 
Control 
Register 


serial 
Status 
Register 


E•••••C, 
E"'''C, 
E•••,IC. 
E"',IC, 
E"'''C. 
EA,C, 
EA.tC. 
EA,IC, 
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D,ilRT. 
D,I~ 
DJRx 
D,ITx 
0,1 
rn; 
0,/ 
l:l£ 
D. 


INTRODUCTION 
OF 


THE RELATED 
DEVICES 


• 
8/16-bit Multi-chip 
Microcomputer 


• 
4-bit Single-chip Microcomputer 


• 
IC Memory 
• 
LCD Driver Series 
• 
Gate Array 
• 
CODEC/Filter 
Combo LSI 


• Speech Synthesis LSI 


IS/16-BIT 
MULTI-CHIP 
MICROCOMPUTER 


L$I Characteristics 


Division 
Type 
No 
Clock 
Supply 
Operating ... 
Function 
Compatibility 


Process 
Frequency 
Voltage 
Temperature 
Packaget 


IOld Type No. 
lMHzl 
IVI 
(CI 


HD6803 
-H5~ 


MCG8a3 
NMOS 
5.0 
0-+70 
OP·40 
Microprocessor 
+128 
Bytes of RAM 
MCGaDJ·' 
HD680J·l 
HD6303A 
J4-- 
DP·40 


H063A03R 
CMOS 
~ 
5.0 
0-+70 
FP-54 
Microprocessor 
+128 
Bytes of RAM 
------ 


H06380JR 
2.0 
CG-40 


H0630JX 
J4-- 
DP-64S 


H063A03X 
CMOS 
~ 
5.0 
0-+70 
FP·80 
Microprocessor 
+192 
Bytes of RAM 


H063803X 
2.0 


HQ6303Y 
J4-- 


HD63A03Y 
CMOS 
~ 
5.0 
0-+70 
DP-64S 
Microprocessor 
+256 
Bytes of RAM 


HD63B03Y 
2.0 


HQ6305X2 
J4-- 
OP-64S 


HD63A05X2 
CMOS 
~ 
5.0 
0-+70 
Microprocessor 
+128 Bytes of RAM 


HQ63B05X2 
2.0 
FP·64 


HD6305Y2 
J4-- 
DP·64S 
MPU 
HD63A05Y2 
CMOS 
~ 
5.0 
0-+70 
FP-64 
Microprocessor 
+256 Bytes of RAM 


HQ63BOSY2 
2.0 


HD6800 
H046800D 
~ 
MC6800 


HD68AOO 
H0468AOO 
NMOS 
~ 
5.0 
-20 
- 
+75 
OP-40 
Microprocessor 
MC68AOO 


H068800 
HD468BOO 
2.0 
MC68BOO 


H06802 
HD46802 
NMOS 
1.0 
5.0 
20 - 
+75 
DP·40 
Microprocessor+Clock+128 
Bytes of RAM 
MC6802 


HD6802W 
NMOS 
1.0 
5.0 
-20 
- 
+75 
DP-40 
Microprocessor+Clock+256 
Bvtes of RAM 


HD6809 
J4-- 
MC6809 


HD68A09 
NMOS 
~ 
5.0 
-20 
- 
+75 
DP-40 
High·End 
8-Bit 
Microprocessor 
MC68A09 


HD68B09 
2.0 
MC68B09 


I 
CMOS 
~ 
5.0 
-20 
- 
..-75 
OP-40 
High-End 
8-Bit 
Microprocessor 
HD6309·· 
-#--- 


3.0 


H06809E 
~ 
High-End 
8·Bit 
Microprocessor 


MC6809E 


HD68A09E 
NMOS 
5.0 
-20 
- 
+75 
DP-40 
MC68A09E 
~ 
IExternal 
Clock 
Typel 
MC68B09E 
HD68B09E 
2.0 


CMOS 
~ 
5.0 
-20 
- 
+75 
DP-40 
High-End 
8-Bit 
Microprocessor 


HD6309E· 
-#--- 
(External 
Clock 
Type) 


3.0 


H06821 
HD46821 
~ 
MC6821 


HD68A21 
H0468A21 
NMOS 
~ 
5.0 
-20- 
H5 
DP-40 
Peripheral 
Interface 
Adapter 
MC68A21 


PIA 
HD68B21 
HD468B21 
2.0 
MC68B21 


HD632" 
~ 
OP-40 


HD63A21· 
CMOS 
~ 
5.0 
-20 
- 
H5 
FP·54 
Peripheral 
I nterface 
Adapter 


HD6382" 
2.0 


HD6840 
~ 
MC6840 


HD68A40 
NMOS 
~ 
5.0 
-20 
- 
+75 
DP-28 
Programmable 
Timer 
Module 
MC68A40 


PTM 
H068B40 
2.0 
MC68B40 


HD6340· 
~ 


HD63A40· 
CMOS 
~ 
5.0 
-20 
- 
+75 
DP-28 
Programmable 
Timer 
Module 


HD63B40· 
2.0 


HD6843 
HD46S03S 
NMOS .J4-- 


5.0 
0-+75 
DP-40 
Floppy 
Disk Controller 


MC6843 
Foe 
HD68A43 
H046503S-1 
1.5 


H06844 
HD46504 
.J4-- 
MC6844 


QMAC 
H068A44 
HD46504·1 
NMOS 
~ 
5.0 
-20 
- 
+75 
DP-40 
Direct 
Memory 
Access Controller 
MC68A44 


HD68B44 
HD46504-2 
2.0 
MC68B44 


H06845 
H046505R 
1.0 
CRT Controller 
MC6845 


HD6BA45 
H046505R·1 
NMOS ::u== 
5.0 
-20 
- 
"-75 
DP-40 
13.0MHz 
High-speed 
Display) 
MC6BA45 


CRTC 
H06B845 
HD46505R-2 
2.0 
MC6BB45 
;;; 
H06845S 
H046505S 
~ 
CRT Controller 
-' 
HQ68A45S 
HD46505S-1 
NMOS 
~ 
5.0 
-20 
- 
+75 
DP-40 
e 
H068845S 
HD46505S·2 
(3.7MHz 
High-.peed 
Di.play) 
--- 


t 
COM80 


2.0 


H06846 
HD46846 
NMOS 
1.0 
5.0 
-20 
- 
+75 
DP-40 
Combination 
ROM 
I/O Timer 
MC6846 
l 
H06850 
HD46850 
NMOS 
~ 
5.0 
-20 
- 
+75 
OP-24 
Asynchronous 
Communications 
MC6850 


H06BASO 
H046BASO 
1.5 
Interface 
Adapter 
MC68A50 
ACIA 
HD6350 
~ 
----- 
Asynchronous 
Communications 
H063ASO 
CMOS 
~ 
5.0 
-20 
- 
+75 
OP-24 
Interface 
Adapter 
H063850 
2.0 


SSOA 
H06852 
HD46852 
NMOS 
~ 
5.0 
-20 
- 
+75 
DP-24 
Synchronous 
Serial Data Adapter 
MC6852 


H068A52 
HD468A52 
1.5 
MC68A52 
H046508 
.J4-- 


AOU 
H046508-1 
NMOS 
~ 
5.0 
-20 
- 
+75 
OP-40 
HD4650BA 
.J4-- 
Analog 
Data Acquisition 
Unit 


HD4650BA-l 
1.5 


RTC 
HD146818 
CMOS 
1.0 
5.0 
0-+70 
OP-24 
Real Time Clock 
Plus RAM 
MC146818 
FP-24 
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LSI Characteristics 


Division 
Type 
No. 
Clock 
Supply 
Operating 
t 
Function 
Compatibility 


Process 
Frequency 
Voltage 
T emperatu 
re 
Package 


(MHzl 
(VI 
(oCI 


HD68000-6 
6 
MC68000L6 


HD68000-8 
8 
MC68000L8 


DC-64 
MC68000L 
10 
H 068000-1 
0 
10 


HD68000-12 
12.5 
MC68000L 
12 


HD68000Y6 
6 
MC68000R6 


MPU 
HD68000Y8 
NMOS 
8 
5.0 
0-+70 
Microprocessor 
MC68000R8 


PGA-68 
MC68000R10 
HD68000Y10 
10 


HD68000Y12 
12.5 
MC68000R12 


H 068000 
P6 
6 
DP-64 
MC68000G6 


HD68000P8 
8 
MC68000G8 


HD68000PS6 
6 
- 


DP-64S 


HD68000PS8 
8 
- 


HD68450-4 
4 
MC68450L4 


HD68450-6 
6 
MC68450L6 


DC-64 


HD68450-8 
8 
MC68450L8 


HD68450-10 
10 
Direct 
Memory 
MC68450Ll0 
DMAC 
NMOS 
5.0 
0-+70 


HD68450Y4 
4 
Access Controller 
- 


iij 
HD68450Y6 
6 
- 
...J 
PGA-68 


•• 
HD68450Y8 
8 
- 
:;; 
.<; 
HD68450Y10 
10 
- 
c. 
.~ 
H D63463-4" 
4 
- 
"- 


HDC 
H 063463-6" 
CMOS 
6 
5.0 
0-+70 
DC-48 
Hard 
Disk Controller 
- 


H 063463-8" 
8 


HD63484-4' 
4 
- 


ACRTC 
HD63484-6' 
CMOS 
6 
5.0 
0-+70 
DC-64 
Advanced 
CRT 
Controller 
- 


HD63484-8' 
8 
- 
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/4-BIT 
SINGLE-CHIP 
MICROCOMPUTER 


F*T1ily Name 
HMCS42 
HMCS4J 
HMCS44A 
HMCS45A 
HMCS47A 


(Tvpe Name) 
IHD38702) 
~ R~3J!l55J\' 
~R~3g~' 
~ R.,3Jl>B.,2,R, 
(HD388701 


.~ 
Supply Vol_ 
(VI 
-10 
-10 
-10 
-10 
-10 


PQW8f Dillipetion 
hyp.) 
(mW) 
100 
100 
150 
150 
250 


c;;~ Max. 
1/0 Terminal 
Voltage 
IVI 
-50 
-50 
-50 
-50 
-50 


-J~ 
Operlting 
Temperature 
Range -. 
(oCI 
-20 to+75 
-20 
to +75 
-20 
to +75 
-20 
to +75 
-20 to +75 


.<: 


Pac"- 
DP-28, DP-28S 
DP-42, DP-42S 
DP-42,DP-42S 
FP-54, DP-64S 
FP-54,DP-64S 
u 


ROM 
(bits I 
512 x 10 
1,024 x 10 
2,048 x 10 
2,048 x 10 
4,096 x 10 
Memory 
32)( 10·' 
64 X 10·' 
128 x 10" 
128x10" 


I RAM 
(bits) 
32 x 4 
80 x 4 
160 x4 
160x 
4 
256 x 4 


Registen 
4 
6 
8 
6 
6 


Stack Registers 
2 
3 
4 
4 
4 


4-81t Da•• Input. 
4 xl 
4 xl 
- 
- 
- 


4-8it 
Da•• Output 
4x2 
4x2 
- 
4xl 
4xl 
./OPO,ts 
Discrete Output 
22 
1 x 6 
32 
1 x 12 
32 
44 
44 
- 
- 
- 


Ii! 
4-8it 
Data Input/Output 
- 
4 xl 
4x4 
4x6 
4x6 
.2 
~ 
Discrete Input/Output 
1 x 4 
1 x 4 
1 x 16 
1 x 16 
1 x 16 
:> 
Externa' 
2 
2 
2 
"- 
Interrupts 
- 
2 


Timer/Counter 
- 
1 
1 
1 
1 


I",tructions 
Number 
of Instructions 
51 
71 
71 
71 
71 
Cycle Time 
II••) 
10 
10 
10 
10 
10 


Built-4n Clock Pulse Generetor 
Ves 


Power on R•• 
t 
Ve. 
V•• 
Ves 
Ve. 
Ve. 


8ettery 
8ack",p 
RAM Hold 
RAM Hold 
RAM Hold 
RAM Hold 


HD38750E 
HD38750E 
HD44850E 
HD44850E 
Evaluation 
Ch Ip 
HD44850E 
HD44850E 
HD44857E 


HD44857E 
HD44857E 
HD44857E 
HD44857E 
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Family 
Name 
HMCS42CL 
HMCS43CL 
HMCS44CL 
(HD44708) 
(HD44758) 
(HD44808) 
(Type Name) 
HMCS42C 
HMCS43C 
HMCS44C 
(HD44700) 
(HD44750) 
(HD44801) 


13 Supply 
Voltage 
(V) 
3/5 
3/5 
3/5 


:~ Power 
Dissipation 
(typ.) 
(mW) 
0.23/1.5 
0.24/1.5 
0.32/2 
~tl Max. I/O Terminal 
Voltage 
(V) 
Vcc+0.3 
Vcc+0.3 
Vcc+0.3 
...Ji!.• Operating 
Temperature 
Range" 
(oC) 
- 20 to +75 
-20 to+75 
-20 to+75 
~ 
(J Package 
DP-28. DP·28S 
DP-42. DP-42S 
DP-42. DP-42S 


ROM 
(bits) 
512 x 10 
1.024 x 10 
2.048 x 10 
Memory 
32x 
10" 
64xl0" 
128xl0" 


RAM 
(bits) 
32 x 4 
80 x4 
160 x 4 


Registers 
4 
6 
8 


Stack Registers 
2 
3 
4 
~ 
4·Bit 
Data Input 
4xl 
4 xl 
- 


0'il 
I/O Ports 
4-Bit 
Data Output 
4x2 
4x2 
- 
c: 
" 
Discrete Output 
22 
lx6 
32 
1 x 12 
32 
- 
... 


4-Bit 
Data Input/Output 
- 
4xl 
4x4 


Discrete 
Input/Output 
lx4 
1 x 4 
1 x 16 


External 
- 
2 
2 
Interrupts 
Timer/Counter 
1 
- 
1 


Instructi ons 
Number 
of Instructions 
51 
71 
71 


Cycle Time 
Vis) 
20/10 
20/10 
20/10 


Built-in 
Clock Pulse Generator 
Yes 


Power on Reset 
No/Yes 
No/Yes 
No/Yes 


Battery 
Back-up 
Halt 
RAM Hold 
Halt 


Evaluation 
Chip 
HD44850E 
HD44850E 
HD44B50E 


HD44857E 
HD44857E 
HD44857E 


·1 Wide Temperature 
Range 1-40 to +8SoC) 
version i.available. 
-2 
Pattern Memory 
'3 LCD DRIVE FUNCTION 


Common 
4 


LCD 
5egment 
32 
Drive 
Duty 
Static. 1/2, 1/3, 1/4 


Bia. 
1/2,1/3 


Display 
Capability 
4.32 Matri. 11/4 Duty) 
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HMCS45CL 
HMCS46CL 
HMCS47CL 
LCD-.D!·' 
LCD-IV" 
(HD44828) 
(HD44848) 
(HD44868) 
(HD44795, 
HMCS45C 
HMCS46C 
HMCS47C 
(HD613901) 
(HD44820) 
(HD44840) 
(HD44860) 
HD44790) 


3/5 
3/5 
3/5 
3/5 
3/5 


0.32/2 
0.32/4 
0.32/4 
0_36/2.4 
0.9/5.0 


Vcc+0.3 
Vcc+0.3 
Vcc+0.3 
Vcc+0.3 
Vcc+0.3 


-20 to +75 
-20to+75 
-20 to +75 
-20to 
+75 
-20to+75 


FP-54,DP-64S 
DP-42, DP·42S 
FP·54, DP-64S 
Fp·80 
FP·80 


2,048 x 10 
4,096 x 10 
4,096 x 10 
2,048 x 10 
4,096 x 10 
128xl0" 
128 x 10" 


160 x 4 
256 x 4 
256 x 4 
160x 
4 
256 x 4 


6 
8 
6 
6 
6 


4 
4 
4 
4 
4 


- 
- 
- 
4xl 
4xl 


4 xl 
- 
4 xl 
4 xl 
4 xl 


44 
- 
32 
- 
44 
- 
32 
- 
32 
- 


4x6 
4x4 
4x6 
4x2 
4x2 


1 x 16 
1 x 16 
1 x 16 
1 x 16 
1 x 16 


2 
2 
2 
2 
2 


1 
1 
1 
1 
1 


71 
71 
71 
71 
71 


20/10 
20/5 
20/5 
20/10 
20/5 


Yes 


No/Yes 
NoNes 
NoNes 
Yes 
No 


Halt 
Halt 
Halt 
Halt 
Halt 


HD44850E 
HD44857E 
HD44857E 
HD44797E 
HD44797E 
HD44857E 
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Fomily 
Nomo 
(Typo 
NomoI 
H06140421 
~rt8~J:-~o 
~M01~~~ 
~r::g~m~;lo 


!l Supply 
Voltogo 
(VI 
4to 
6 
4.5 to 6.0 
2.7 to 6.0 
4to 6 


:; 
Power 
Dissipation 
Imox.) 
(mW) 
18 
27 
9 
12 


U;~ Max. 
110 Terminal 
Voltage 
(VI 
VCC-40 
VCC-40 
VCC-40 
VCC-40 
.Ju 
; 
Operating 
Temperature 
Range 
I C) 
-20 
to +75 
-20 
to +75 
-20 
to +75 
-20 
to +75 
'"U Pockogo 
FP-64, 
OP-64S 
FP-64, 
OP-64S 
FP-64, 
OP-64S 
OP-42 


Memory 
ROM 
Ibill) 
4096 
x 10 
4096 
x 10 
4096 
x 10 
2048 
x 10 


RAM 
Ibits) 
256 x 4 
256 x 4 
256 x 4 
160 x 4 


Aegister. 
7 
7 
7 
7 


Stack 
Regiltef. 
16 
16 
16 
16 
l! 
4 xl 
4 xl 
4 xl 
.2 
4-8it 
Input 
1 xl 
u 
2 xl 
2 xl 
2 xl 
~ 
4-8it 
Output 
4x4 
4x4 
4x4 
" 
I/O Ports 
58 
58 
58 
36 
4 xl 
u. 


4-8it 
Input/Output 
4x5 
4x5 
4x5 
4x4 
1-8it Input/Output 
1 x 16 
1 x 16 
1 x 16 
1 x 15 
External 
2 
2 
2 
2 
Interrupts 
Timer/Count.r 
2 
2 
2 
1 


Serial 
Interface 
1 
1 
1 
- 


Number 
of Instructions 
99 
99 
99 
98 
Instruction, 
Cycle 
Time 
(jls) 
2 
1.33 
4 
2 
Built·in 
Clock 
Pylse Generator 
Vel 
(External 
drive 
is potlible) 


Other. 
Low 
Power 
Oiaipation 
Mode 
(Stop modi, Stlnd-bv 
mode) 


Fomily 
Nomo 
(Typo 
Nomo) 
H 0614POSOS t 
H0614P1SOo0 
t 


!l Supply 
Voltogo 
IVI 
4.5 to 5.5 
4.5 to 5.5 


:; 
Power 
Oiuipetion 
Imox.) 
ImW) 
27 
27 
Ui! MIX. I/O Termini' 
VoltllliJe 
(V) 
VCC-40 
VCC-40 
.Ju 
; 
Operating 
Temperature 
Range 
I C) 
-20 
to +75 
-20 
to +75 
'"U Pockogo 
OC-64SP 
OC-42 
o4.096-word x 10~it 
o 4,096-word 
)( 1Q.bit 
with standard 
with standard 
EPROM 
2764 
EPROM 
2764 


Memory 
ROM 
Ibits) 


o8,192-word 
x 10·bit 
°8.192-word)( 
lO·bit 
with 
standard 
with standard 
EPROM 
27128 
EPROM 
27128 


RAM 
(bits) 
578 
x 4 
576 x 4 


Registef' 
7 
7 


Stack 
Registers 
16 
16 


l! 
4 x 1 
.2 
4-8it 
Input 
1 xl 
u 
2 x 1 
~ 
4·Bit 
Output 
4x4 
4 xl 
" 
I/O Ports 
58 
36 
u. 


4-8it 
Input/Output 
4x5 
4x4 


1-8it 
Input/Output 
1 x 16 
1 x 15 


Extemel 
2 
2 


Interrupts 
Timer/Counter 
2 
1 


Serial 
Interface 
1 
- 


Number 
of Instructions 
99 
98 
Instructions 
Cycle 
Time 
onl 
1.33 
2 


Built-in 
Clock 
Pulse 
Generator 
Yes (External 
drive 
is possible) 


Others 
Low 
Power 
Dissipation 
Mode 


(Stop 
mode. 
Stand·by 
model 


• Preliminary 
•• 
Under 
development 
t EPROM 
on the Pockago Typo 
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lie 
MEMORY 


HM6167H/l 
Series 


45 
- 
55ns 


HM6264A1l 
Series 
120 
- 
200ns 
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I LCD 
DRIVER 
SERIES 


Item 
U'e 
General 
Segment Display 


u 
Type 
Number 
HD44100H 
HD61100A 
HD61200 
HD61602 
HD61603 
.Process 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
J 


Supply 
Voltage 
IV) 
5·' 
5·' 
5·' 
3 -- 5-1 
3 - 
5·' 


Operating Temperature 
I·CI 
-20 
- 
+75-1 
-20 
- 
+75 
-20 -- +75 
-20 
- 
+75 
20 - 
+75 


<.> 


Package 
u; 


FP-60 
FP·l00 
FP·l00 
Fp·80 
Fp·80 


..J 
Power 
Dissipation 
ImW) 
5.0 
5.0 
5.0 
0.515V) 
0.515VI 


ROM 
(bin) 
- 
- 
- 
- 
- 
Memory 


RAM 
(bits) 
- 
- 
- 
51 x 4 
64 xl 


Interface 
(CPU) 
8 
8 
8 
14 
10 


I/O 
Interface 
(Driver 
Ie) 
2 
2 
2 
- 
- 
c 
Interface 
j 


(External 
ROM, 
RAM) 
- 
- 
- 
- 
- 


Number 
of 
Instruction 
- 
- 
- 
4 
4 


Common 
4 
1 
40 
80 
80 


LCD 
Driver 
Segment 
51 
64 


Duty 
Free (N) 
Free IN) 
Free (N) 
Static, 
1/2. 
Static 
1/3.1/4 


N x 40 
N x 80 
N x80 
204 


Display 
Capability 
Matrix 
Matrix 
Matrix 
Segment 
64 Segment 
11/N 
Duty) 
11/N 
Dutyl 
'1/N 
Duty) 
11/4 Duty) 


Comment 
SA type 
SA type 
SA type 


Item 
U'e 
Graphic 
Display 


I 


Type 
Number 
HD44102CH 
HD44103CH 
HD44105H 
HD61102 
HD61202 


Process 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
j 


Supply 
Voltage 
IVI 
5·' 
5·' 
5·' 
5·' 
5·' 


Operating 
Temperature 
I·CI 
-20 -- +75 
-20 
-- +75 
-20 -- +75 
-20 -- +75 
-20 
- 
+75 
<.> 
Package 
Fp·80 
FP-60 
FP-l00 
~ 


Fp·60 
FP·100 


Power 
Dissipation 
(mW) 
2.5 
4.0 
4.0 
3.0 
2.5 


ROM 
(bits) 
- 
- 
- 
- 
- 
Memory 


RAM 
(bits) 
200 
x 8 
- 
- 
512 
x 8 
512:11: 8 


Interface 
(CPU) 
21 
6 
6 
21 
21 


1/0 
Interface 
(Driver 
Ie) 
- 
5 
5 
- 
c 
Interface 
j 


(External 
ROM, 
RAM) 
- 
- 
- 
- 
- 


Number 
of 
Instruction 
6 
- 
- 
7 
7 


Common 
- 
20 
32 
- 
- 


LCD 
Driver 
Segment 
50 
- 
- 
64 
64 


Duty 
1/8.1/12.1/16, 
1/8.1/12,1/16, 
1/8,1/12,1/16.1/24. 
1/64 
1/64 
1/24.1/32 
1/24,1/32 
1/32, 
1/48, 
1/64 


32 
x 50 
64 x 64 
64)( 
64 


Display 
Capability 
Dots 
- 
- 
Dots 
Dots 
(1/32 
Duty) 
(1/64 
duty) 
(1/64 
duty) 


Suitable 
common 
SUitable common 
Comment 
driver 
is HD44105H 
Suitable 
common 


or HD44103CH 
driver 
is HD61103A 
driver 
is HD61203 


-,: 
Except Power Supply for LCD. 
-2: 
-40 - 
+85°C 
(Special Request). 
Please contact 
Hitachi Agents. 


-3: 
CG; Character Generator. 
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Character 
Display 


HD44780 
HD43160AH 
ILCD·III 


CMOS 
CMOS 


5·' 
5·' 


-20 
- 
+75e2 
-20 
- 
+75 


Fp·80 
FP·54 


1.75 
10.0 


7200 
6240 


ICGI·' 
ICGI·' 


80 x S/64 
80 x S 


X SieGle) 


11 
21 


4 
5 


- 
'8 


11 
6 


'6 
- 


40 
- 


'/8,1/", 
1/8,1/' 
2, 


'/'6 
1/16 


16 Digits 
(5 x7 Dots 
- 


1/16 
Duty) 


Expandable 
Display 
to 
to SO Digits 
SO Digits 


using 
using 
HD44100H 
HD44100H 


Graphic 
Display 


HD61103A 
H06,203 
HD61B30 
H06'8308 


CMOS 
CMOS 
CMOS 
CMOS 


5·' 
5·' 
5·' 
5·' 


-20 
- 
+75 
-20 - +75 
-20 
- 
+75 
-20 - 
+75 
Fp·,OO 
Fp·l00 
FP-60 
FP-60 


5.0 
5.0 
30.0 
30.0 


- 
- 
7360 
7360 


leG)e) 
(CGle] 


- 
- 
(external 
(')It.rnal 


65536 
x 81 
65536 
)I 
6 
6 
13 
'3 


5 
5 
9 
9 


- 
- 
33 
33 


- 
- 
'2 
'2 
64 
64 
- 


- 
- 
- 
- 


1/48, 1/64 
1/48. 1/64, 
1/1 - 
1/128 
Static 


1/96, '/'28 
1/96, 
1/128 
1/1 -1/128 


- 
- 
- 
- 


Display to 
524288 
Dots using 
HD44100H 
or H061100A 
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• 
FEATURES 


• 
Fast operation 
Internal gate (2-input NAND, FO=3, AL=3mm) 
.. 
3.Sns typ 


Input buffer 
(FO=3, AL = 3mm) . . 
. . 9ns typ 


Output buffer (CL=SOpF).......•. 
_ 
_. _. 
20ns typ 


Memory accesstime (HD61MM) 
__ 
60ns typ 
• 
Low power dissipation 
At 10MHz operation (Internal gate) 
130!-'W/gate typ 
• 
Abundant input and output configuration 
AIIlll;ation 
of 
all pins except power supply pins to input/ 


output/input-output 
Output can be CMOS/open drain/3-state 


• 
Memory on-chip (HD61MM) 
Flexibility 
of 
memory 
capacity 
and 
word 
organization 


Selection of single port/dual 
port memory 


• 
Wide operation temperature range 
-20 
to +7SoC 


• 
Wide package selection 
Especially plastic packageswith high pin 
count 
DILP64/FPP100 


• 
Powerful design support 
User-Defined-Macro 
Test pattern evaluation with fault simulator 
Design support at local Design Center 


• 
Quick 
turn 
around 
time 
and reasonable development cost 


HD61J 
HD61K 
HD61L 
HD61MM 


Gate count 
504 
1080 
1584 
2496 


I/O pin count 
50 
68 
68 
104 
RAM on chip 
- 
- 
- 
available 


DP28 
0 
0 
0 
- 


DP40 
" 
" 
0 
" 
DP42 
0 
0 
0 
- 


DP64 
- 
0 
0 
0 


FPS4 
0 
- 
- 
- 


FP80 
- 
0 
0 
- 


Package 
FP100 
- 
- 
- 
" 


DC28 
0 
0 
0 
" 
DC40 
0 
0 
0 
" 
PGA72 
- 
- 
n 
- 


PGA120 
- 
- 
- 
" 


Power supply pin 
4 
4 
8" 


Bi·CMOS Gate Array HD27K/HD27L/HD27P/HD27Q 
Series 


• 
FEATURES 


• 
High speedwith super low power dissipation 
.......•..• 


• Internal gate: 4.0ns (Fan out=3) 


@O.OSmW 


• Input buffer: S.Ons(Fan out=3) 
@2.6mW 


• Output buffer: 8.0ns (CL=1SpF) 


@2.6mW 
• 
LS TTL compatible input/output 
..................• 


• Selectable totem-pole/3-state/open 
collector output 


• IOL=8mA: Capable of driving 20 LS TTL's 


• 
Output buffer can construct logic functions. 
• Savesgate stages. 


• 
A variety of macrocell library 
• Internal gate: 44 
• Output buffer: 9 
• 
A variety of reliable package 
• Plastic DIP 16 to 64 pins 
• Plastic FP 60 to 100 pins (under development) 


• 
A variety of DA 'system support 
• Only logic diagrams and test patterns needed as an interface 


with the user. 
• 
Short development time 
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Number 
of gates 
Number 
Package 


Internal 
gate 
Input 
Output 
of VCC 
DIP 
Fp· 
and GND 
(2·input 
NAND) 
buffer 
buffer 
pins 
(Plastic) 
(Plastic) 


HD27K 
200 
18 
18 
2 
16,20,28, 
- 
40 pins 


HD27L 
528 
30 
30 
4 
28,42,64 
60 pins 
pins 


HD27P 
966 
40 
40 
4 
28,42,64 
60,80,100 


pins 
pins 


HD27Q 
1530 
50 
50 
4 
28,42,64 
60,80,100 


pins 
pins 
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I CODEC/F I LTER COMBO 
LSI 


CLOCK 
OUTPUT 
AMP 


SERIES 
TYPE 
COMPo 
POWER 
DECODER 
INPUT 
LAW 
(Typ.) 
INTERNAL 
SYNC/ASYNC 
PCMBIT 
SHIFT 
AMP 
MIN 
CLOCK 
OPERATION 
CLOCK 
RATE 
TYPE 
LOAD 


44230 
HD44231 B 
A 
DEVIDER 
SYNC. 
15361 
ADJUST- 
SINGLE 
3kl1 


HD44232B 
~ 
60mW 
INCLUDED 
ONLY 
15441 
- 
ABLE 


HD44233B 
A 
2048kHz 
USING 


HD442348 
~ 
BOTH 
2 


HD44235 
A 
PLL 
SYNC. 
64- 
- 
RESIST 
ENDED 
1.2 kl1 


HD44236 
~ 
50mW 
INCLUDED 
ONLY 
2048kHz 
0 


HD44237 
A 
- 


HD44238 
~ 
BOTH 
0 


44230C 
HD44231C 
A 
DEVIDER 
SYNC. 
15361 
FULLY 
60011 


HD44232C 
~ 
INCLUDED 
ONLY 
15441 
- 
UNCOMM· 


HD44233C 
A 
2048kHz 
ITED 


HD44234C 
~ 
60mW 
BOTH 
OP-AMP 


HD44235C 
A 
PLL 
SYNC. 
64- 
- 


HD44236C 
~ 
INCLUDED 
ONLY 
2048kHz 
0 


HD44237C 
A 
- 


HD44238C 
~ 
BOTH 
0 


44240C 
HD44247C 
A 
PLL 
64- 
- 
SAME AS 
PUSH- 
GOOn 


HD44248C 
80mW 
INCLUDED 
BOTH 
2048kHz 
0 
ABOVE 
PULL 
~ 


I SPEECH 
SYNTHESIS 
LSI 


Type 
CMOS 1-chip System 


Device 
H J;l6188517 (Speech Synthesizer) 
HD44881 
(128k-bit 
Expanding 
ROM) 


System 
PARCOR 


Voice channel model 
10 steps digital 
filter 


Sampling 
frequency 
10 kHz 


Bit rate (b/s) 
1250 - 
9900 


Frame period 
(ms) 
10120 


Variable 
speaking speed 
-25%. 
O. +25% 


Speaking time 
10- 
20 sec (internal 
ROM) 
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